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Figure	26.	 (A)	 1H	NMR	spectra	of	 complex	3	 in	D2O	 (<	10%	acetone-d6)	upon	 irradiation	with	



















































(blue),	 and	after	 irradiating	with	lirr	³	 395	nm	 for	10–90	min.	The	aromatic	 region	 remains	






(blue),	 and	after	 irradiating	with	lirr	³	 395	nm	 for	5–47	min.	The	aromatic	 region	 remains	












Figure	54.	Calculated	 spectra	of	5	 showing	 (a)	 the	calculated	 singlet	ground	state	 (blue),	 the	




























































































Figure	78.	Changes	 to	 the	electronic	absorption	 spectra	of	16	 (A)	and	17	 (B)	as	a	 function	of	
irradiation	time	(lirr	=	500	nm)	in	CH3CN	for	0–12	min	(16)	and	for	0–9	min	(17)………………………129	
	

















Figure	 SB9.	Mass	 spectrum	calculated	 (right)	 and	observed	 (left)	 of	 the	 cation	 [Ru(TPA)-
(py)2](PF6)+………………………...……………………………………………………………………..……..……………………151	
	
Figure	SB10.	Mass	 spectrum	calculated	 (right)	 and	observed	 (left)	of	 the	 cation	 [Ru(TPA)-
(NA)2](PF6)+………………………..……………………………………………………………………..………..…………………152	
	

































































Photocaging	 is	 a	 highly	 attractive	 method	 for	 providing	 precise	 spatial	 and	 temporal	
control	 over	 biological	 activity.1-5	 Since	photocaging	manipulates	 biological	 systems	 in	 a	 non-
invasive	manner,6	 this	method	has	been	employed	 frequently	 in	basic	 research.	Notably,	 this	

























the	 caged	 molecules	 can	 be	 selectively	 liberated	 with	 spatiotemporal	 control,	 making	 them	
promising	chemical	agents	for	biological	research	applications.3,	5,	48-51	
1.2	Photodynamic	Therapy	
In	 addition	 to	basic	 research	applications,	metal-based	photocaging	 is	 actively	 applied	
towards	novel	light-activated	therapeutics.52-55	Cisplatin,	a	platinum(II)-based	metal	complex,	is	
currently	used	for	cancer	treatment,	such	as	lung,	esophageal	and	breast	cancer.56-62	The	aquo	





suffer	 severe	 side	 effects	 due	 to	 the	 poor	 selectivity	 and	 the	 inherent	 drug	 resistance	 of	
cisplatin.58,	60-62		
Traditional	 photodynamic	 therapy	 (PDT)	 has	 emerged	 to	 provide	 a	 complete	
spatiotemporal	 control	 over	 cancer	 treatment	 by	 generating	 the	 toxic	 species	 1O2	 at	 the	
irradiated	 area.52-55,	 63-65	 Photosensitizers	 are	 required	 in	 PDT,	 and	 they	 are	 light-sensitive	
























diatomic	 gaseous	molecules	were	 viewed	 as	 toxic	 gases	 until	 the	 recent	 discoveries	 of	 their	
important	physiological	roles	in	biological	systems.	NO	and	CO	can	act	as	signaling	molecules	that	
participate	 in	 numerous	 physiological	 and	 pathological	 pathways,	 including	 blood	 pressure	













coworkers	 pioneered	 the	 design	 of	metal-nitrosyl	 (M-NO)	 complexes	 that	 rapidly	 release	NO	
upon	 irradiation	 with	 light.39,	 43,	 45-46,	 69,	 74	 Lead	 complexes	 are	 mainly	 based	 on	 iron	 (Fe),	
ruthenium	(Ru)	and	manganese	(Mn)	fragments,	where	the	pentadentate	ancillary	ligand	PaPy3H	
(PaPy3H	 =	 N,N-bis(2-pyridylmethyl)amine-N-ethyl-2-pyridine-2-carboxamide)	 chelates	 to	 the	






CO	behaves	 in	a	similar	way	to	NO.	The	 initial	CO-releasing	drugs	are	 [Mn2(CO)10]	and	
[Ru(CO)3Cl2]2	(Figure	5).70,	75	Although	both	complexes	undergo	light-induced	release	of	CO,	the	








and	 synthesized	 a	Mn(I)	 tricarbonyl	 complex,	 [Mn(CO)3(tpm)]+	 (tpm	=	 tris(pyrazolyl)methane)	
(Figure	 5).41,	 70,	 72	 Studies	 indicate	 that	 this	 complex	 can	 release	 two	 equivalents	 of	 CO	 to	
myoglobin	and	induce	significant	phototoxicity	against	human	colon	cancer	cells	upon	irradiation	
with	UV	light	while	remaining	non-toxic	in	the	dark.41,	70		
Other	metal-nitrosyl	 and	metal-carbonyl	 complexes	 for	NO	and	CO	delivery	 have	 also	
been	developed.	 In	order	to	apply	them	towards	phototherapy,	researchers	have	made	great	




In	 addition	 to	 the	 photorelease	 of	 NO	 and	 CO,	 ruthenium	 complexes	 have	 also	 been	













to	 the	property	of	mimicking	 iron	binding,	 some	Ru(II)	 complexes	 accumulate	 in	 tumor	 cells,	
which	 is	an	attractive	property	towards	the	application	of	drug	delivery.82-84	 In	addition,	since	
most	 Ru(II)	 polypyridyl	 complexes	 occupy	 lower-lying	 triplet	 metal-to-ligand	 charge	 transfer	
(3MLCT)	 states	 with	 thermally	 accessible	 lower-lying	 ligand	 field	 (3LF)	 states,	 it	 is	 generally	
accepted	that	ligands	coordinated	to	the	metal	center	can	be	easily	dissociated	upon	irradiation	
with	light	at	room	temperature	through	population	of	the	3LF	states.77-78,	81-85	Furthermore,	caged	
molecules	 are	 released	 as	 a	 primary	 photochemical	 step,77-78,	 81-85	 thus	 avoiding	 undesirable	
photodamage	that	commonly	occurs	from	organic	photocages.	
Since	Etchenique	and	coworkers	first	reported	the	development	of	Ru(bpy)2	(bpy	=	2,2’-





81	 The	 Turro	 group	 showed	 that	 both	 Ru(bpy)2	 and	 Ru(tpy)	 (tpy	 =	 2,2’:6’,2’’-terpyridine)	
fragments	can	be	used	to	cage	5-cyanouracil	(5-CNU),	a	cytotoxic	agent	that	inhibits	pyrimidine	
catabolism	 in	 vivo.80,	 89	 In	 order	 to	 reduce	 antibiotic	 resistance,	 Sadler	 and	 coworkers	 used	
Ru(bpy)2	 to	 cage	 isoniazid	 (INH),	 an	 anti-tuberculosis	 compound	 selectively	 released	 upon	




















phenanthroline)	 to	 cage	 econazole,	 an	 antifungal	 drug	 for	 the	 treatment	 of	 skin	 infections,	
demonstrating	that	the	caged	complex	not	only	selectively	releases	the	coordinated	econazole	





8).8,	 51,	 80,	 95,	 98 Complexes	 derived	 from	 these	 planar	 heteroaromatic	 ligands	 are	 capable	 of	
covalently	binding	to	DNA	once	vacant	coordination	sites	are	opened	through	ligand	release.99-
100	 In	addition,	 related	 ligands	are	also	capable	of	undergoing	DNA	 intercalation	 to	cause	cell	








for	 basic	 research,	 where	 toxicity	 from	 Ru(II)	 leaving	 groups	 is	 undesired.	 Noticeably,	 Ru(II)	








photocaging.85,	 104-109	 Complete	 details	 regarding	 this	 topic	 are	 disclosed	 in	 Chapter	 2	 and	 3.	
Briefly,	 these	 non-planar	 ancillary	 ligands	 increase	 the	 structural	 rigidity	 of	 Ru(II)	 polypyridyl	
complexes,	which	aids	the	complexes	in	decreasing	the	role	of	non-radiative	relaxation	to	the	
ground	state	following	absorption	of	a	photon.85,	104-109	To	date,	Ru(TPA)	as	a	photocaging	group	
has	 only	 been	 investigated	 for	 the	 release	 of	 NO.110	 Since	 TPA	 has	 the	 high	 potential	 of	
derivatization,	Ru(TPA)	is	attractive	for	the	development	of	new	metal-based	photocaging	groups.		





























nitrile-caged	Ru(II)	 complexes	 that	 require	UV	 light	 for	uncaging,	 the	Ru(TPA)-caged	aromatic	
heterocycles	exhibit	strong	absorption	in	the	visible	range,	and	the	cis	aromatic	heterocycles	are	
preferably	released	upon	irradiation	with	visible	light	(Figure	11).		
The	 studies	 of	 Ru(TPA)	 series	 for	 photocaging	 not	 only	 demonstrate	 that	 they	 are	
effective	photocages	in	protecting	nitriles	and	aromatic	heterocycles,	but	the	data	also	show	that	
they	have	ideal	properties	for	building	new	chemical	tools	for	biological	research	purposes.	The	




The	 properties	 of	 the	 excited	 states	 of	 Ru(II)	 polypyridyl	 complexes	 have	 been	 used	
extensively	 in	 the	 areas	 of	 dye-sensitized	 solar	 cells,	 photocatalysis,	 synthetic	 chemistry,	
photochromic	switching,	photochemotherapy,	and	many	others.48,	77,	111-119	The	utility	of	these	
	











spatiotemporal	 control	 necessitates	 the	population	of	 the	dissociative	metal-centered,	 ligand	
field	states	(3LF),	known	to	lead	to	non-radiative	deactivation	of	the	emissive	3MLCT	state.120-125	




3LF	 states	with	electron	 configurations	 that	 result	 in	 electron	density	 in	molecular	orbitals	of	










This	 trend	 was	 shown	 by	 Ford	 and	 coworkers	 on	 the	 series	 of	 [Ru(NH3)5(py-X)]2+	 (py-X	 =	
substituted	 pyridine)	 and	 trans-[Ru(NH3)4(py)(L)]n+	 (L	 =	 pyrazine,	 pyrazinium,	 and	 4-

























MeCNs,	 [Ru(1-isocyTPQA)(MeCN)2]2+	 surprisingly	 exhibits	 a	 5-fold	 higher	 quantum	 efficiency	
than	[Ru(cyTPA)(MeCN)2]2+	under	similar	conditions	(Figure	13).	Mulliken	Spin	Density	calculation	





photodissociation	 in	 [Ru(1-isocyTPQA)(MeCN)2]2+.	 The	 result	 that	 complexes	 with	 3LF	 lowest	
energy	excited	states	are	less	photolabile	than	that	with	3MLCT/3pp*	lowest	energy	excited	state	
is	counter	 to	the	general	understanding	of	Ru(II)	photochemistry.	Taken	together,	 this	newly-
































orbitals	 of	 the	 two	 isoquinolyl	 rings	 of	 TQA	 and	 the	 Ru–N	 (cis	MeCN)	 ds*	 orbital	 occurs.	 In	
contrast,	orbital	mixing	is	not	possible	for	the	trans	MeCN,	so	the	trans	MeCN	is	not	photolabile.	
Similarly,	 the	only	MeCN	 in	 [Ru(DPAbpy)(MeCN)](PF6)2	 	 (DPAbpy	=	N,N-bis(2-pyridinylmethyl)-
2,20-bipyridine-6-methanamine)	 is	 coplanar	with	 the	 bpy	moiety	 of	 DPAbpy,	making	 the	 Ru-
N(ds*)	orbital	and	p*	orbital	of	bpy	orthogonal	(Figure	14).	Such	an	orbital	orientation	disfavors	
ligand	 photodissociation	 since	 a	 large	 energy	 barrier	 is	 likely	 required	 in	 order	 to	 achieve	 a	
favorable	geometry	 for	 ligand	 release.	Therefore,	photoinduced	 ligand	exchange	occurs	most	
favorably	 in	 Ru(II)	 polypyridyl	 complexes	 when	 orbital	 mixing	 in	 photoexcited	 states	 is	
geometrically	allowed.	
1.7.2	Steric	Effects	
In	 addition	 to	 orbital	 mixing,	 steric	 effects	 also	 play	 an	 important	 role	 in	 the	
photochemical	 reactivity	 of	 Ru(II)	 polypyridyl	 complexes.77,	 106,	 135	 The	 steric	 bulk	 distorts	 the	















quantum	 efficiency	 for	 the	 release	 of	 py	 in	 [Ru(tpy)(Me2bpy)(py)]2+	 relative	 to		
[Ru(tpy)(bpy)(py)]2+	under	similar	conditions	(Figure	15).135	
Similar	 effects	 also	 exist	 in	 Ru(TPA)	 series.	 In	 order	 to	 evaluate	 steric	 effects	 on	 the	
photodissociation	of	nitriles	from	Ru(TPA),	methyl	groups	were	introduced	consecutively	to	the	
6-position	 of	 pyridine	 donors	 of	 TPA	 (Figure	 16).106	 All	 complexes	 are	 less	 stable	 than	












Cytochrome	 P450	 (CYPs)	 are	 heme-containing	 monooxygenases	 that	 play	 important	
enzymatic	functions	in	various	physiological	processes	in	humans,	such	as	steroid	biosynthesis	
and	 xenobiotics	 metabolism.23-25,	 136-143	 They	 are	 also	 important	 drug	 targets	 in	 fungal	




















role	 in	 other	 areas	 of	 the	body,	 traditional	 CYP	 inhibition	 lacks	 selectivity	 and	usually	 causes	
severe	 side	 effects.152	 Metal-based	 photocaging	 provides	 an	 attractive	 approach	 for	 gaining	
spatiotemporal	control	over	CYP	inhibition.	Recently,	the	Glazer	group	reported	Ru(bpy)2-caged	
prodrugs	for	controlling	CYP11B1	inhibition,	where	the	caged	inhibitors	are	able	to	be	released	





their	 photoproducts,	 [Ru(bpy)2(H2O)2]2+	 is	 in	 fact	 hydrophilic	 and	 thus	 unable	 to	 cross	 cell	
membranes	to	cause	damage	to	DNA.153	In	order	to	develop	photochemical	agents	for	controlling	
CYP	 activity	 with	 low-energy	 light,	 our	 group	 is	 in	 efforts	 to	 the	 design	 of	 Ru(II)-caged	 CYP	












greater	 have	 been	 largely	 underexplored.	 In	 addition,	 biologically	 active	 compounds	 often	




that	 effectively	 photocage	 nitriles	 and	 aromatic	 heterocycles,	 including	 those	 derived	 from	
ancillary	ligands	with	high-denticities.	Below	are	the	three	objectives	of	this	research.	
1.	 To	 synthesize	 Ru(II)-caged	 nitrogen-containing	 aromatic	 heterocycles	 with	 high-
denticity	ancillary	ligands.	Previous	study	has	shown	that	Ru(II)	polypyridyl	complexes	based	on	
the	 tetradentate	 ancillary	 ligand	 TPA	 are	 capable	 of	 photocaging	 nitriles	 and	 nitrile-based	
cysteine	protease	inhibitors.	The	goal	of	this	objective	is	to	apply	Ru(TPA)	towards	the	caging	of	
nitrogen-containing	 aromatic	 heterocycles	 and	 to	 confirm	 that	 Ru(TPA)	 is	 an	 effective	 caging	
group	 for	 aromatic	 heterocycles	 that	 can	 be	 used	 as	 a	 photochemical	 agent	 for	 biological	
research	studies.	This	objective	is	addressed	in	Chapter	2.		
2.	 To	 design	 and	 synthesize	 Ru(II)	 photocaging	 groups	 derived	 from	Ru(TPA)	 and	 to	
investigate	the	mechanism	of	photoinduced	ligand	exchange	of	Ru(TPA)	series.	In	order	to	tune	
the	photochemistry	of	Ru(TPA)	complexes	into	the	visible	range	and	in	an	effort	to	selectively	
install	 donors	 into	 Ru(II)	 polypyridyl	 complexes,	 we	 designed	 and	 synthesized	 Ru(cyTPA)	 for	
photocaging.	Based	on	the	results	of	this	research,	we	discovered	an	unusual	mechanism	that	




















Herroon,	M.	K.;	Martin,	P.	D.;	Schlegel,	H.	B.;	Podgorski,	 I.;	Turro,	C.	and	Kodanko,	J.	 J.,	 Inorg.	
Chem.,	2016,	55(1),	10-12.]	Copyright	[2015]	American	Chemical	Society.	
2.1	Introduction	
Nitrogen-containing	 aromatic	 heterocycles,	 such	 as	 pyridines	 and	 imidazoles,	 are	 a	
ubiquitous	class	of	functional	groups	found	in	many	biomolecules,	natural	products,	and	drugs.26,	
34,	 78-80,	 86-87,	 92,	 97-98,	 105,	 108,	 154-156	 Their	prevalence	 in	bioactive	 compounds	makes	heterocycles	




81,	 88,	 98,	 135	 In	 this	 Chapter,	 ruthenium	complexes	derived	 from	 the	 tetradentate	 ligand	 tris(2-
pyridylmethyl)amine	(TPA)	are	discussed	for	caging	aromatic	heterocycles.108	Results	show	that	
the	 Ru(TPA)-caged	 aromatic	 heterocycles	 selectively	 release	 the	 caged	 heterocycles	 upon	


































resonances	 upfield	 with	 respect	 to	 trans	 donors	 due	 to	 being	 shielded	 by	 adjacent	 pyridine	
groups	of	TPA.	These	assignments	were	confirmed	by	COSY	and	NOESY	analyses.	Mass	spectra	








Irradiation	of	1−3	with	visible	 light	promotes	dissociation	of	 the	monodentate	 ligands.	











irradiation	 time	are	shown	 in	Figure	20	 (lirr	≥	395	nm),	and	 those	of	2	 and	3	 are	provided	 in	
Figures	22	and	23	(page	33).	It	is	evident	in	Figure	20A	that	the	MLCT	absorption	of	1	at	380	nm	


















photoproduct	 was	 observed	 after	 irradiation.	 Over	 the	 time	 course	 of	 irradiation,	 downfield	
resonances	for	cis	monodentate	donors	decrease	in	intensity,	and	new	resonances	appear	for	









Eagle’s	medium	 (pH	 7.2)	 at	 37	 °C	 over	 24	 h	 (Figure	 30	 on	 page	 40),	 indicating	 that	 they	 are	






































and	 the	 complexes	 selectively	 release	 the	 bound	 heterocyclic	 monodentate	 ligands	 upon	
irradiation	 with	 visible	 light.	 These	 data	 support	 the	 further	 development	 of	 ruthenium	




All	 reagents	 were	 purchased	 from	 commercial	 suppliers	 and	 used	 as	 received.	 NMR	




























































































































M	 represent	 new	 signals	 from	 the	 resulting	 D2O-substituted	 complex;	 the	 peaks	
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was	7.79	hours.	The	 frames	were	 integrated	with	 the	Bruker	SAINT	software	package	using	a	
narrow-frame	algorithm.	The	integration	of	the	data	using	a	monoclinic	unit	cell	yielded	a	total	
of	176881	reflections	to	a	maximum	θ	angle	of	25.77°	(0.82	Å	resolution),	of	which	12892	were	








































































2,6-di-(pyridin-2-yl)piperidin-1-yl)methyl)isoquinoline),	 depicted	 in	 Figure	 33	 (page	 49).	 These	
ligands	feature	a	piperidine	ring,	which	locks	the	adjacent	pyridine	arms	into	the	trans	position	
to	form	a	planar	tridentate	moiety	within	the	tetradentate	ligand.	This	structurally	rigid	backbone	
facilitates	 the	 installation	 of	 other	 donors	 as	 the	 fourth	 chelating	 arm	 while	 avoiding	 the	
formation	 of	 stereoisomers.	 The	 photophysical	 properties	 and	 photochemistry	 of	


















synthesized	 according	 to	 a	 known	 literature	 procedure,174	 where	 the	 commercially	 available	
starting	material	2-pyridinecarboxaldehyde	was	treated	with	1,3-acetonedicarboxylic	acid	in	the	
presence	of	ammonium	acetate,	 followed	by	a	Wolff−Kishner	 reaction.	The	 ligand	cyTPA	was	
prepared	by	treating	(2R	,6S)-2,6-di(pyridin-2-yl)piperidine	with	2-picolyl	chloride	hydrochloride,	




the	 literature.175	Heating	[Ru(L)(DMSO)Cl]Cl	 in	a	CH3CN:	H2O	mixture	(1:1,	v/v)	resulted	 in	the	
formation	of	the	corresponding	[Ru(cyTPA)(CH3CN)2]2+		(4)	and	[Ru(1-isocyTPQA)(CH3CN)2]2+	(5)	
complexes	in	good	yields.	Heating	[Ru(cyTPA)(DMSO)Cl]Cl	at	80	°C	under	similar	conditions	in	the	
presence	 of	 10	 equiv	 of	 pyridine,	 followed	 by	 precipitation	 with	 NH4PF6	 resulted	 in	
[Ru(cyTPA)(py)2](PF6)2	 (6)	 in	84%	yield.	The	precipitation	of	[Ru(1-isocyTPQA)(DMSO)Cl]Cl	with	
NH4PF6,	followed	by	heating	in	distilled	H2O	with	trifluoromethanesulfonic	acid	at	100	°C	afforded	




































difference	 is	 that	 in	5	 the	N6	CH3CN	 is	 tilted	slightly	toward	the	N2	arm,	as	evidenced	by	the	
slightly	smaller	N6−Ru1−N2	angle	of	86.99(3)°	in	5	as	compared	to	93.00(7)°	in	4.	Again,	the	Ru−	







environment	around	 the	Ru(II)	metal	 center	 again	exhibits	 a	 slightly	distorted	octahedral	
	
	
Figure	 34.	 ORTEP	 diagrams	 of	 the	 dications	 (a)	 4	 [Ru(cyTPA)(CH3CN)2]2+,	 (b)	 5	 [Ru(1-
isocyTPQA)(CH3CN)2]2+	 and	 (c)	 6	 [Ru(cyTPA)(py)2]2+	 (thermal	 ellipsoids	 shown	 at	 50%	
probability,	hydrogen	atoms	are	omitted	for	clarity).	Selected	bond	distances	(Å)	for	4:	Ru1–
N1,	2.0468(16);	Ru1–N6,	2.0468(17).	Selected	bond	distances	(Å)	for	5:	Ru1–N1,	2.0312(8);	





geometry	with	bond	angles	ranging	from	76.8(4)°	 to	101.9(4)°.	 In	6,	 the	N5	arm	of	the	cyTPA	








similar	 to	 those	measured	 in	 [Ru(TPA)(py)2]2+,108	 as	well	 as	 in	 cis-[Ru(bpy)2(py)2]2+.177	
3.2.3	Spectroscopic	Characterization	and	Photochemistry	
	 The	electronic	absorption	spectra	of	4	and	5	are	displayed	in	Figure	35	and	exhibit	1MLCT-
based	 absorption	 features	 with	 maxima	 at	 390	 nm	 (ε	 =	 9200	M−1cm−1	 and	 11900	M−1cm−1,	
respectively).	 Ligand-centered	 1pp*	 transitions	 of	 the	 ligands	 in	 4	 and	 5	 result	 in	 strong	
absorption	in	the	ultraviolet	range.	The	intensities	of	these	transitions	correlate	well	with	those	
of	[Ru(TPA)(CH3CN)2]2+;	however,	the	1MLCT	absorption	of	5	is	red-shifted	as	compared	to	those	



























in	 Section	 3.5.4	 on	 page	 79.	 The	 photolysis	 of	4	 is	 complete	within	 27	min,	 as	 no	 additional	
spectral	 changes	 are	 observed	 after	 this	 time.	 In	 contrast,	 the	 conversion	 of	5	 to	 product	 is	








	 During	the	photolysis	of	4−7	 in	H2O,	a	decrease	 in	the	1MLCT	absorption	band	of	each	
complex	was	observed	with	a	concomitant	increase	in	a	peak	at	lower	energies,	as	well	as	well-





Complex	 F400a	 Lowest	3ESb	  tTA	/	ps	
4	 0.0066(3)	 3LF	 36c	
5	 0.033(3)	 3MLCT/3pp*	 42c	
6	 0.0012(1)	 3LF	 160d	
7	 0.0013(1)	 3LF	 120d	










4,	 and	 it	 was	 shown	 in	 previous	 work	 that	 steric	 hindrance	 leads	 to	 enhanced	 ligand	
dissociation.135	The	major	structural	difference	between	4	and	5	is	the	substitution	of	the	third	
pyridine	 in	 the	 cyTPA	 ligand	 in	 4	 for	 an	 isoquinoline	moiety	 in	 the	 1-isocyTPQA	 ligand	 in	 5.	
However,	the	isoquinoline	moiety	in	5	is	oriented	away	from	the	metal	center,	such	that	it	is	not	
expected	 to	contribute	 to	steric	distortions	around	the	metal	or	 to	weaken	the	Ru−N(CH3CN)	
bonds.	In	fact,	the	ground	state	bond	lengths	and	angles	observed	in	the	X-ray	crystal	structures	
are	 similar	 between	4	 and	5,	 inconsistent	with	 a	weaker	Ru−N	bond	 induced	by	 steric	 clash.	
Therefore,	it	may	be	concluded	that	the	increased	quantum	yield	in	5	must	be	associated	with	













exchange	 of	 the	 bound	 CH3CN	 ligand	 for	 solvent	 CD3CN	 and	 continues	 until	 the	 process	 is	
complete.	 As	 expected,	 in	 both	 complexes	 there	 is	 an	 increase	 in	 intensity	 of	 the	 peak	
corresponding	to	a	free	CH3CN,	which	appears	at	1.96	ppm	in	CD3CN.	Continued	irradiation	leads	
to	 the	complete	exchange	of	 the	N6	CH3CN	 ligand	 in	90	min	 for	 complex	4,	 a	process	 that	 is	
complete	in	25	min	for	5.	The	aromatic	regions	of	the	NMR	spectra	of	4	and	5	remain	unchanged	
throughout	the	photolysis	experiments	(Figures	46	and	47	in	Section	3.5.4	on	pages	80	and	81,	


















electronic	 structures	 of	 these	 complexes	 in	 the	 ground	 state	 can	 be	 described	 by	 frontier	
molecular	orbitals	that	are	similar	across	the	series.	The	HOMOs	of	4−7	are	mostly	composed	of	
Ru	d-orbital	character	with	some	ligand	mixing,	featuring	70−81%	metal	localization	in	4,	6,	and	



















energy	 transitions	calculated	 for	5	 exhibits	 some	mixing	of	 ligand-centered	1-isocyTPQA	 1pp*	






structures	 in	which	 the	Ru−N	bonds	of	 the	 tetradentate	cyTPA	and	1-isocyTPQA	 ligands	were	
severely	elongated	in	the	triplet	state,	possibly	suggesting	facile	dissociation	of	one	of	these	arms	







with	 a	 3MLCT	 as	 the	 lowest	 energy	 triplet	 state,	 the	Mulliken	 spin	 density	 on	 the	 ruthenium	































positioned	 trans	 to	 the	 isoquinoline	moiety	 in	 the	 tetradentate	 ligand.	 In	general,	σ-donation	
from	py-	and	isoquinoline-type	ligands	is	stronger	than	that	of	nitrile-containing	ligands.	Instead,	
the	 CH3CN	 ligand	 relies	 heavily	 on	 p	 back-donation	 for	 bonding	 to	 ruthenium.	 Charge	
decomposition	analysis	(CDA),	a	theoretical	method	used	to	quantify	the	total	electron	donation	
and	back-donation	between	the	metal	and	each	ligand,	was	used	to	determine	these	quantities	
in	 4	 and	 5.	 The	 back-donation	 from	 the	 Ru	 center	 to	 the	 photolabile	 N6	 CH3CN	 ligand	 in	 5	
decreases	by	23%	in	the	triplet	state	as	compared	to	the	singlet	ground	state,	as	the	ruthenium	










57%	 increase	 in	Ru−N(isoquinoline)	bond	strength	and	a	14%	decrease	 in	Ru−N(CH3CN)	bond	
strength	in	the	CH3CN	ligand	trans	to	the	isoquinoline	moiety	(N6	CH3CN)	in	the	triplet	state.	The	




weakening	 the	 Ru−N(CH3CN)	 bond,	 promoting	 dissociation	 in	 the	 triplet	 excited	 state.	 This	
weakening	 does	 not	 occur	 in	 the	 corresponding	 py	 complex	 7,	 due	 to	 the	 similar	 σ−bond	
strengths	 between	 isoquinoline	 and	 the	 leaving	 py	 ligand.	 In	 this	 complex,	 the	MBO	 of	 the	
Ru−N(py)	decreases	only	by	∼	2%	in	the	triplet	state,	while	the	Ru−N(isoquinoline)	MBO	increases	
by	3%.	A	similar	trend	is	observed	for	complexes	4	and	6	at	the	same	positions,	but	with	increased	
MBOs	calculated	from	the	ground	state	to	the	 lowest	 triplet	state	 for	both	Ru−N(CH3CN)	and	
Ru−N(py)	bonds,	respectively	(Table	6).		
	 The	observation	of	trans	influence	in	ruthenium	complexes	has	been	reported	previously,	
specifically	with	 phosphine	 and	 py-type	 ligands	 in	 the	 ground	 state.184-186	 To	 our	 knowledge,	
there	 are	 no	 reports	 of	 trans	 influence	 in	 the	 excited	 state	 that	 directly	 results	 in	 ligand	
dissociation.	From	the	results	of	the	Mulliken	spin	density	calculations,	in	combination	with	the	









Singlet	 Triplet	 Singlet	 Triplet	
4	 0.611	 0.612	 0.434	 0.446	
5	 0.599	 0.518	 0.415	 0.652	
6	 0.164	 0.168	 0.397	 0.421	




































different	 than	 the	 starting	material,	 such	 that	 any	 kinetics	 that	may	 be	 associated	with	 that	
process	are	not	observed.	These	results	are	consistent	with	the	formation	of	the	3MLCT/3pp*	
state	of	5	within	the	laser	pulse,	and	that	this	state	decays	to	regenerate	the	ground	state	with	τ	
=	42	ps	 in	CH3CN.	The	short	 lifetime	of	 the	3MLCT/3pp*	state	can	be	attributed	to	competing	
ligand	dissociation.	
	 When	 the	 transient	 absorption	 experiment	 is	 conducted	 in	 acetone	 under	 similar	
conditions	 (Figure	 40b),	 the	 irreversible	 formation	 of	 the	 ligand	 exchange	 product,	 [Ru(1-
isocyTPQA)(CH3CN)(acetone)]2+,	 is	 observed	 at	 long	 delay	 times	 consistent	 with	 the	 spectral	





































lowest	 energy	 triplet	 state	 of	4	was	 calculated	 to	 be	 3LF	 in	 nature,	 from	 the	 intensity	 of	 the	
observed	excited	state	absorption,	together	with	spectral	and	kinetic	similarities	to	5	and	other	
Ru(II)	polypyridyl	complexes,	it	may	be	concluded	that	the	state	observed	with	34−36	ps	lifetime	




similar	 features	 that	 are	 red-shifted	 compared	 to	 those	 of	 4	 and	 5,	 respectively.	 Complex	 6	
exhibits	a	ground	state	bleach	at	420	nm	and	a	weak	positive	transient	absorption	signal	from	












metal-centered	 state	 and	 can	 be	 assigned	 as	 3MLCT	 states.	 The	 broad	 spectral	 profiles	
throughout	the	visible	range	are	similar	to	those	previously	reported	for	the	3MLCT	excited	states	






































whereas	the	 lowest	energy	triplet	state	 in	4,	6,	and	7	was	calculated	to	be	3LF	 in	nature.	The	
mixed	3MLCT/3pp*	excited	state	places	significant	spin	density	on	the	isoquinoline	moiety	of	the	
1-isocyTPQA	 ligand	 that	 is	 trans	 to	 the	 photolabile	 N6	 CH3CN	 ligand	 in	5.	 Additionally,	MBO	


















for	applications	 that	 require	efficient	 ligand	dissociation,	 such	as	drug	delivery,	as	well	 as	 for	












hydrochloride,	 N,N-diisopropylethylamine	 (DIPEA),	 and	 tetrakis(dimethylsulfoxide)di-
chlororuthenium(II)	 (cis-[Ru(DMSO)4Cl2])	 were	 purchased	 from	 Sigma-Aldrich.	 Ammonium	
hexafluorophosphate	was	obtained	from	AK	Scientific,	and	NaI·2H2O	was	purchased	from	ACROS	
Organics.	 The	 precursors	 (2R,6S)-2,6-di(pyridin-2-yl)piperidine174	 and	 1-(chloromethyl)-
isoquinoline193	 were	 synthesized	 according	 to	 literature	 procedures.	 All	 reactions	 were	
performed	 under	 ambient	 atmosphere	 unless	 otherwise	 noted.	 Anaerobic	 reactions	 were	
performed	by	purging	the	reaction	solutions	with	Ar	or	N2.	For	transient	absorption	experiments,	
acetone	was	dried	using	anhydrous	MgSO4	and	acetonitrile	was	distilled	over	CaH2.	
Instrumentation.	 1H	 and	 13C	 NMR	 spectra	were	 recorded	 on	 either	 a	 Varian	 FT-NMR	
Agilent	400	MHz,	Oxford	500	MHz,	or	Agilent	DD2	600	MHz	spectrometer	 in	CDCl3,	CD3OD	or	
(CD3)2CO,	 and	 the	 spectra	 were	 referenced	 to	 the	 residual	 protonated	 solvent	 peaks.	 Mass	





of	 (2R,6S)-2,6-di(pyridin-2-yl)piperidine	 (36	mg,	 0.15	mmol)	 in	 11	mL	 of	 dry	 CH3CN,	 2-picolyl	
chloride	hydrochloride	(25	mg,	0.15	mmol)	was	added.	To	this,	DIPEA	(52	μL,	0.30	mmol)	and	
NaI·2H2O	(28	mg,	0.15	mmol)	were	added,	and	the	reaction	mixture	was	heated	at	50	°C	for	16	
h.	 The	 reaction	 mixture	 was	 cooled	 to	 room	 temperature	 and	 concentrated	 under	 reduced	

















pressure,	 and	 the	 residue	 was	 extracted	 with	 dichloromethane	 and	 an	 aqueous	 solution	 of	
saturated	NaHCO3.	The	organic	 layer	was	dried	over	Na2SO4	and	concentrated	under	reduced	












was	 added.	 The	 solution	was	 then	purged	with	Ar	 for	 10	min	 at	 room	 temperature,	 and	 the	
reaction	mixture	was	allowed	to	reflux	for	5	h	under	inert	atmosphere,	during	which	time	the	




water	 (15	mL)	 and	 NH4PF6	 (15	mg)	 were	 then	 added,	 resulting	 in	 the	 formation	 of	 a	 yellow	




















another	 16	 h	 under	 inert	 atmosphere.	 The	 reaction	 mixture	 was	 again	 cooled	 to	 room	




















was	 added,	 and	 the	 reaction	 mixture	 continued	 to	 refluxing	 for	 another	 16	 h	 under	 inert	
atmosphere.	The	reaction	mixture	was	then	cooled	to	room	temperature.	Ice	cold	water	(15	mL)	
and	NH4PF6	(15	mg)	were	added	to	the	reaction	mixture,	resulting	in	the	formation	of	an	orange	























was	cooled	 to	 room	temperature,	and	 ice	cold	water	 (15	mL)	and	NH4PF6	(15	mg)	were	 then	
added,	resulting	in	the	precipitation	of	green	[Ru(1-isocyTPQA)(H2O)2](PF6)2.	The	green	solid	was	
filtered,	washed	with	 ice	cold	water	 (200	mL)	and	dried	under	 reduced	pressure.	 It	was	 then	
treated	with	pyridine	(31	mg,	0.39	mmol)	in	6.0	mL	of	absolute	EtOH	under	inert	atmosphere	in	




















monochromator,	 and	 an	 APEX-II	 CCD.	 The	 frames	 were	 integrated	 with	 the	 Bruker	 SAINT	
software	package194	using	a	narrow-frame	algorithm,	and	the	data	were	corrected	for	absorption	
effects	 using	 the	multi-scan	method	 (SADABS).195	 Using	Olex2,196	 structures	 of	4	 and	5	 were	





















Parameter	 	4	 	5	 	6	
Empirical	
Formula	 C50H56N12F18P3Ru2	 C29H30N6F12P2Ru	 C31H32N6F12P2Ru	
FW	 1462.11	 853.60	 879.63	
Crystal	System	 monoclinic	 monoclinic	 monoclinic	
Space	Group	 C2/c	 P21/n	 P21/c	
a	(Å)	 15.6052(8)	 15.0536(9)	 17.8965(12)	
b	(Å)	 18.5661(9)	 12.8397(8)	 10.5955(7)	
c	(Å)	 23.1190(11)	 18.1039(10)	 17.7953(11)	
α	(deg)		 90	 90	 90	
β	(deg)	 105.933(2)	 94.202(2)	 92.079(3)	
γ	(deg)	 90	 90	 90	
V	(Å3)	 6440.9(6)	 3489.8(4)	 3372.2(4)	



















Bond	 4	 5	 6	
Ru1–N1	 2.0468(16)	 2.0312(8)	 2.131(11)	
Ru1–N2	 2.0898(17)	 2.0690(8)	 2.140(10)	
Ru1–N3	 2.0425(16)	 2.0343(8)	 2.063(12)	
Ru1–N4	 2.0915(16)	 2.0786(8)	 2.076(10)	
Ru1–N5	 2.0482(16)	 2.0438(8)	 2.056(13)	








Bond	angle	 4	 5	 6	
N1-Ru1-N2	 99.15(7)	 99.80(3)	 101.9(4)	
N1-Ru1-N4	 101.15(7)	 98.25(3)	 99.3(4)	
N2-Ru1-N4	 159.15(7)	 161.94(3)	 158.6(4)	
N3-Ru1-N1	 177.93(7)	 176.99(3)	 177.8(4)	
N3-Ru1-N2	 80.20(7)	 80.98(3)	 76.9(4)	
N3-Ru1-N4	 79.35(7)	 81.03(3)	 81.9(5)	
N5-Ru1-N1	 94.22(7)	 93.58(3)	 95.4(5)	
N5-Ru1-N2	 84.95(7)	 88.22(3)	 94.1(4)	
N5-Ru1-N3	 83.77(6)	 83.53(3)	 82.9(5)	
N5-Ru1-N4	 88.84(6)	 91.32(3)	 80.7(4)	
N6-Ru1-N1	 87.99(7)	 88.37(3)	 88.0(4)	
N6-Ru1-N2	 93.00(7)	 86.99(3)	 90.3(4)	
N6-Ru1-N3	 94.01(7)	 94.58(3)	 93.8(4)	
N6-Ru1-N4	 92.43(6)	 92.87(3)	 93.6(4)	






























































































n(CN)	N2	 N3	 N4	 N5	 N1/N6	
Experiment	 2.086(3)	 2.047(3)	 2.090(3)	 2.042(2)	 2.048(3)/2.042(2)	 2271	
1GS	 2.107	 2.064	 2.107	 2.058	 2.017/2.027	 2263	








n(CN)	N2	 N3	 N4	 N5	 N1/N6	
Experiment	 2.0773(8)	 2.0337(8)	 2.0697(8)	 2.0444(8)	 2.0319(9)/	2.0334(8)	 2276	
1GS	 2.105	 2.061	 2.105	 2.059	 2.017/2.028	 2264	






	 N2	 N3	 N4	 N5	 N1/N6	
Experiment	 2.14(1)	 2.06(1)	 2.08(1)	 2.06(1)	 2.13(1)/2.12(1)	
1GS	 2.143	 2.078	 2.098	 2.087	 2.127/2.137	







N2	 N3	 N4	 N5	 N1/N6	
1GS	 2.095	 2.076	 2.143	 2.084	 2.130/2.139	






























































1GS	 1.544,	0.322,	0.426	e-	 0.440,	0.192,	0.154	e-	 1.472	e-	
3LF	 1.246,	0.290,	0.471	e-	 0.274,	0.290,	0.471	e-	 1.382	e-	
5	
1GS	 2.202,	0.324,	0.420	e-	 0.452,	0.192,	0.156	e-	 2.144	e-	




























































































































































































have	 been	 aggressively	 pursued	 as	 chemical	 tools,	 pharmaceuticals	 and	 more	 recently	
insecticides.217	Although	many	CYP	inhibitors	have	been	developed,	those	that	can	be	delivered	








9,	 12,	 219-220	 Ru(II)	 complexes	 are	 a	 special	 class	 of	 photocages,	 orthogonal	 to	more	 traditional	







the	 dark,	 including	 under	 cell	 culture	 conditions,	 and	 the	 complex	 is	 capable	 of	 efficiently	
releasing	the	prostate	cancer	drug	abiraterone	upon	irradiation	with	visible	light	to	participate	in	
photoactivated	binding	to	its	CYP	target.		






















treating	 [Ru(tpy)(biq)Cl](PF6)229	 under	 the	 same	 conditions	 followed	 by	 chromatography	 over	























short	 irradiation	 times.	 The	 photoactivated	 ligand	 exchange	 of	 ABI	 from	 each	 complex	 with	
solvent	was	investigated	in	CH3CN	and	H2O,	respectively,	by	the	Turro	group,	which	generates	
the	 corresponding	 products	 [Ru(tpy)(NN)(L)]2+	 (L	 =	 CH3CN	 or	 H2O).	 Neither	 complex	 exhibits	
ligand	 dissociation	 in	 the	 dark,	 but	 spectral	 changes	 are	 observed	 upon	 light	 irradiation.	
Photolysis	of	8	results	in	a	blue	shift	in	the	1MLCT	from	475	nm	to	455	nm	in	CH3CN	and	a	red	
shift	from	475	nm	to	485	nm	in	H2O,	consistent	with	the	formation	of	the	corresponding	solvated	

















be	 0.049(5)	 and 0.018(1)	 in	 CH3CN	 and	 H2O,	 respectively.	 These	 values	 are	 lower	 than	 that	















































exposed	 complex	 8	 resulted	 in	 a	 progressive	 increase	 in	 the	 absorbance	 at	 424	 nm	 and	 a	





























derived	 from	human	 prostate	 adenocarcinoma	metastatic	 to	 the	 brain	 and	 are	 known	 to	 be	
sensitive	 to	 abiraterone.233	 These	 cells	 are	 androgen	 receptor-negative	 but	 show	 significant	










made	 with	 complex	 8	 under	 light	 conditions,	 whereas	 a	 dose-dependent	 response	 was	 not	
observed	under	similar	experimental	conditions	 in	 the	dark.	As	expected,	complex	10	did	not	
show	the	same	dose-dependent	response	upon	 irradiation,	and	 it	had	minimal	effects	on	cell	
viability	 (Figure	 73	 on	 page	 118).	 Because	 the	 excited	 state	 lifetimes	 of	 dissociative	 Ru(II)	
complexes	 such	 as	 10	 are	 not	 long	 enough	 to	 generate	 singlet	 oxygen,135	 these	 data	 are	
consistent	with	irradiated	8	eliciting	cell	death	through	the	release	of	ABI	rather	than	generation	
of	 reactive oxygen	species.	 Interestingly,	complexes	9	and	11	did	not	exhibit	 the	same	strong	















these	 data	 provide	 strong	 support	 for	 using	 [Ru(tpy)(Me2bpy)]2+	 as	 a	 caging	 group	 for	 CYP	
inhibitors	 in	 biological	 assays	 when	 it	 is	 desirable	 to	 reduce	 off-target	 effects	 and	 control	
spatiotemporal	delivery.	
4.6	Summary	
In	 summary,	 Ru(II)-caged	 abiraterone	 complexes	 that	 selectively	 release	 a	 potent	 CYP	
inhibitor	with	visible	light	exposure	were	synthesized.	Complex	8	exhibits	high	stability	under	cell	
growth	 conditions.	 Photoactivated	 CYP	 binding	 was	 confirmed	 by	 electronic	 absorption	
difference	 spectroscopy.	 These	 data	 provide	 strong	 support	 for	 the	 further	 development	 of	
Ru(II)-photocaged	CYP	inhibitors	as	chemical	reagents	for	controlling	spatial	and	kinetic	aspects	




All	 reagents	 were	 purchased	 from	 commercial	 suppliers	 and	 used	 as	 received.	 NMR	




































































electronic	 absorption	 spectra	 were	 recorded	 at	 various	 time	 points	 during	 irradiation.	 The	








































Figure	 68.	 Models	 of	 [Ru(tpy)(Me2bpy)(ABI)]2+	 from	 complex	 8	 showing	 proposed	

























































































Empty	 (no	 cells)	wells	 containing	 100	 μL	 of	media	 plus	 10	 μL	 of	MTT	 solution	were	 used	 as	
negative	controls.	Plates	were	 incubated	 in	 the	dark	 for	4	h,	after	which	85	μL	of	media	was	
removed	from	each	well	and	50	μL	of	DMSO	was	added	to	lyse	the	cells.	Plates	were	incubated	





































collected	 from	350-550	 nm	 (UV-2101;	 Shimadzu	 Scientific	 Instruments,	 Columbia,	MD).	 Then	
dark	 or	 light-exposed	 complex	 8	 (0-280	 nM)	 was	 added	 to	 the	 sample	 cuvette.	 An	 equal	
concentration	of	 the	 reference	 compound	 [Ru(tpy)(Me2bpy)Cl]Cl	was	 added	 to	 the	 reference	
cuvette	to	compensate	for	background	absorbance	from	the	Ru(II)	species	itself.	The	difference	





















offering	 a	 new	 possibility	 for	 the	 treatment	 of	 breast	 cancer.137	 Furthermore,	 inhibition	 of	
CYP3A4	 significantly	 influences	 drug	 metabolism	 in	 vivo,	 which	 in	 turn	 increases	 the	
bioavailability	 of	 drugs.137-140	 Therefore,	 achieving	 selective	 control	 of	 CYP3A4	 inhibition	 is	
desirable.	 In	 this	 Chapter,	 Ru(II)-caged	 CYP3A4	 inhibitors	 that	 inactivate	 CYP3A4	 activity	 by	
harnessing	low-energy	light	are	presented.	This	project	is	still	in	process;	therefore,	preliminary	
data	 are	discussed	here.	Briefly,	Ru(tpy)(Me2bpy)	 and	a	newly-developed	photocaging	 group,	
Ru(dqpy)(Me2bpy),	were	used	to	cage	a	known	CYP3A4	inhibitor	15	(Figure	75).	The	complexes	

















the	 treatment	 of	 [Ru(dqpy)(Me2bpy)Cl](PF6)	 under	 the	 same	 conditions	 generates	






Figure	75.	 (A)	Synthesis	of	the	CYP3A4	 inhibitor	15.	 (B)	Synthesis	of	the	caged	15	 of	 the	
formula	[Ru(NN)(Me2bpy)(15)]2+	(NN	=	tpy	(16)	or	dqpy	(17)),	where	(a)	[Ru(tpy)(Me2bpy)-











































CYP3A4	 binding	 experiments	 due	 to	 its	 higher	 quantum	 efficiency	 of	 photoinduced	 ligand	





















All	 reagents	 were	 purchased	 from	 commercial	 suppliers	 and	 used	 as	 received.	 NMR	
spectra	were	recorded	on	a	Varian	FT-NMR	Agilent-400	MHz	Spectrometer	or	a	Varian	FT-NMR	
Oxford-500	MHz	Spectrometer.	IR	spectra	were	recorded	on	a	Thermo	Scientific	Nicolet	iS5	FT-
IR	 Spectrometer.	 UV-vis	 spectra	 were	 recorded	 on	 a	 Varian	 Cary	 50	 spectrophotometer.	 All	



















added	 slowly	 to	 the	 obtained	 yellow-colored	 solution.	 The	 mixture	 was	 stirred	 at	 room	
temperature	 for	 1	 h	 under	 a	 nitrogen	 atmosphere	 until	 the	 yellow	 color	 disappeared.	 The	




mixture	 was	 extracted	 with	 EtOAc	 and	 washed	 with	 ice-cold	 water.	 The	 organic	 layer	 was	
collected,	dried	over	Na2SO4	and	concentrated	under	reduced	pressure.	The	crude	product	was	
















































2070,	 1740,	 1445,	 1368,	 1215,	 1119,	 972,	 838,	 520;	 UV-vis	 lmax	 =	 504	 nm;	 Anal.	 Calcd	 for	
C58H68F12N8O8P2RuS:	(17·2H2O·CH3OH)	C,	48.77;	H,	4.80;	N,	7.85.	Found:	C,	48.86;	H,	4.58;	N,	7.92.	
5.6.3	Photolysis	and	Quantum	Yields	








electronic	 absorption	 spectra	 were	 recorded	 at	 various	 time	 points	 during	 irradiation.	 The	







































photocaging	 towards	 biological	 problems,	 including	 the	 development	 of	 chemical	 tools	 and	
prototypes	for	photoactivated	drugs.34,	86,	97-98,	105,	109,	155,	221	The	Kodanko	group	has	contributed	
to	 this	 field	 by	 demonstrating	 light-activated	 control	 over	 enzyme	 inhibition	 in	 cells	 and	 by	
developing	high-denticity	ancillary	ligands	for	Ru(II)	photocaging	groups	that	provide	distinctive	
photophysical	and	photochemical	properties.		
This	 thesis	 mainly	 focuses	 on	 three	 general	 topics.	 First,	 since	 many	 of	 the	 Ru(II)	
photocaging	groups	are	based	on	ancillary	ligands	with	bi-	or	tridentate,	Ru(TPA)	that	bears	the	




their	 photochemical	 byproducts	 are	 non-toxic,	 which	 makes	 them	 applicable	 as	 appropriate	
photochemical	agents	towards	spatiotemporal	control	over	biological	activity	in	cell-based	assays.		
Second,	in	order	to	tune	the	photochemistry	of	Ru(TPA)	complexes	into	the	visible	range	
and	 in	 an	 effort	 to	 selectively	 install	 donors	 into	 Ru(II)	 polypyridyl	 complexes,	 Ru(cyTPA),	 a	
derivative	photocaging	group	of	Ru(TPA),	was	designed	and	synthesized	for	caging	nitriles	and	
aromatic	 heterocycles	 in	 a	 similar	 fashion.	 Although	 the	 ancillary	 ligand	 cyTPA	 increases	
structural	rigidity	to	Ru(II)	polypyridyl	complexes,	complexes	derived	from	Ru(cyTPA)	are	capable	

















caging	 their	 inhibitors	 with	 Ru(II)	 photocaging	 groups.	 The	 caged	 complexes	 exhibit	 strong	
absorption	in	the	visible	and	near-IR	ranges	and	release	the	caged	inhibitors	upon	irradiation	with	


















interrogate	 the	properties	 of	 Ru(II)	 polypyridyl	 complexes	derived	 from	ancillary	 ligands	with	
high-denticities	 and	 to	 utilize	 Ru(II)	 photocaging	 groups	 for	 protecting	 a	 broad	 range	 of	
biologically	active	molecules,	a	pentadentate	ancillary	ligand	shoud	be	pursued.	In	the	case	of	
Ru(TPA),	 two	equivalents	of	 the	caged	molecules	are	 required	 for	making	one	Ru(TPA)-caged	
complex.	Although	Ru(TPA)	fragments	selectively	release	one	caged	molecule	upon	irradiation	
with	 light,	this	 formulation	 is	not	 ideal	once	the	size	of	the	caged	molecule	 is	relatively	 large.	
Therefore,	incorporation	of	only	one	equivalent	of	the	caged	molecule	to	the	ruthenium	center	












controlling	CYP	activity	 spatiotemporally	with	 low-energy	 light.	Based	on	 the	data	of	Ru(II)-
caged	 CYP	 inhibitors	 for	 achieving	 photoactivated	 CYP	 inactivation	 in	 Chapter	 4	 and	 5,	 this	
method	can	be	extended	towards	caging	CYP	inhibitors	that	carry	a	range	of	different	aromatic	
heterocycles	 in	 other	 CYP	 families	 by	 our	 novel	 Ru(II)	 photocaging	 groups.	 In	 addition,	 the	
structures	of	several	known	CYP	inhibitors	can	be	modified	in	order	to	afford	better	potency	and	
protein	binding	affinity	in	the	following	studies.			
Here	 are	 three	 common	 CYP	 proteins	 that	 may	 be	 potentially	 investigated	 for	 their	
photoactivated	binding	by	using	the	Ru(II)	photocaging	method.	
CYP2A6.	 This	enzyme	metabolizes	xenobiotics	 in	humans,	and	 the	enzyme	 is	primarily	


















electrolyte	 balance	 and	 blood	 pressure	 in	 humans.253-255	 Inhibition	 of	 CYP11B2	 decreases	
aldosterone	 concentration	 in	 the	 body,253-255	 and	 the	 inhibition	 can	 also	 be	 used	 for	 the	












To	conclude,	 in	efforts	 to	 continue	 the	development	of	Ru(II)-caged	CYP	 inhibitors	 for	
achieving	photoactivated	CYP	 inhibition,	 the	 lead	 inhibitors	and	 their	modified	compounds	of	
common	 CYP	 proteins	 can	 be	 synthesized	 and	 bound	 to	 Ru(II)	 photocaging	 groups,	 and	 the	
























































































































































































































































































































	 x/a	 y/b	 z/c	 U(eq)	
Ru1	 0.25936(2)	 0.21241(2)	 0.26985(2)	 0.01314(5)	
P1	 0.09058(3)	 0.69647(6)	 0.37510(3)	 0.02214(11)	
P2	 0.60685(3)	 0.16972(6)	 0.43082(3)	 0.02275(11)	
F1	 0.09387(8)	 0.84656(16)	 0.34489(9)	 0.0487(4)	
F2	 0.02416(10)	 0.66701(17)	 0.31488(10)	 0.0607(5)	
F3	 0.15171(12)	 0.6528(3)	 0.31942(9)	 0.1053(10)	
F4	 0.08685(11)	 0.54773(15)	 0.40584(11)	 0.0671(6)	
F5	 0.03051(10)	 0.74209(18)	 0.43086(9)	 0.0566(5)	
F6	 0.15778(9)	 0.72662(16)	 0.43455(8)	 0.0443(4)	
F7	 0.54577(8)	 0.28471(15)	 0.41212(9)	 0.0449(4)	
F8	 0.53965(7)	 0.06268(14)	 0.43672(8)	 0.0398(3)	
F9	 0.67400(8)	 0.27602(15)	 0.42538(8)	 0.0413(4)	
F10	 0.66753(7)	 0.05306(14)	 0.44975(7)	 0.0333(3)	
F11	 0.61149(8)	 0.13655(15)	 0.34518(7)	 0.0394(3)	
F12	 0.60260(8)	 0.20102(15)	 0.51700(7)	 0.0388(3)	
N3	 0.31709(9)	 0.05878(16)	 0.32657(8)	 0.0177(3)	
N5	 0.31078(9)	 0.32725(16)	 0.35292(8)	 0.0160(3)	
N4	 0.18117(9)	 0.18116(16)	 0.34939(8)	 0.0153(3)	
N2	 0.35898(9)	 0.19734(16)	 0.21001(8)	 0.0159(3)	
N1	 0.20067(9)	 0.37196(16)	 0.21511(8)	 0.0150(3)	
N6	 0.20143(9)	 0.08845(16)	 0.19152(8)	 0.0157(3)	
C1	 0.37712(11)	 0.1183(2)	 0.37865(10)	 0.0214(4)	
C2	 0.35697(11)	 0.2580(2)	 0.40080(10)	 0.0192(4)	
C3	 0.29095(11)	 0.4537(2)	 0.37089(10)	 0.0191(4)	
C4	 0.31823(11)	 0.5161(2)	 0.43467(11)	 0.0223(4)	
C5	 0.36754(12)	 0.4458(2)	 0.48267(11)	 0.0268(5)	
C6	 0.38618(11)	 0.3151(2)	 0.46571(11)	 0.0250(4)	




	 x/a	 y/b	 z/c	 U(eq)	
C8	 0.19999(11)	 0.0745(2)	 0.39347(10)	 0.0190(4)	
C9	 0.12613(10)	 0.26492(19)	 0.36987(10)	 0.0174(4)	
C10	 0.08676(11)	 0.2446(2)	 0.43282(11)	 0.0220(4)	
C11	 0.10577(12)	 0.1361(2)	 0.47705(11)	 0.0270(5)	
C12	 0.16379(12)	 0.0509(2)	 0.45768(11)	 0.0261(4)	
C13	 0.35473(11)	 0.9788(2)	 0.26971(11)	 0.0209(4)	
C14	 0.39461(11)	 0.0768(2)	 0.22147(10)	 0.0192(4)	
C15	 0.39395(10)	 0.2886(2)	 0.16906(10)	 0.0179(4)	
C16	 0.46377(11)	 0.2658(2)	 0.13943(11)	 0.0218(4)	
C17	 0.49883(11)	 0.1427(2)	 0.15041(11)	 0.0260(4)	
C18	 0.46378(12)	 0.0472(2)	 0.19227(11)	 0.0243(4)	
C19	 0.23407(11)	 0.48847(19)	 0.19618(10)	 0.0177(4)	
C20	 0.19599(11)	 0.5920(2)	 0.15995(10)	 0.0205(4)	
C21	 0.11883(12)	 0.5786(2)	 0.14250(11)	 0.0224(4)	
C22	 0.08276(11)	 0.4615(2)	 0.16230(10)	 0.0208(4)	
C23	 0.12492(10)	 0.3609(2)	 0.19723(10)	 0.0174(4)	
C24	 0.14361(11)	 0.0079(2)	 0.20916(11)	 0.0210(4)	
C25	 0.09990(12)	 0.9349(2)	 0.15839(12)	 0.0266(5)	
C26	 0.11531(12)	 0.9438(2)	 0.08504(12)	 0.0276(5)	
C27	 0.17424(11)	 0.0260(2)	 0.06581(11)	 0.0239(4)	




Ru1-N5	 2.0670(16)	 Ru1-N4	 2.0734(15)	
Ru1-N3	 2.0791(16)	 Ru1-N6	 2.1081(16)	
Ru1-N1	 2.1139(15)	 Ru1-N2	 2.1162(15)	
P1-F5	 1.5707(14)	 P1-F3	 1.5775(16)	
P1-F4	 1.5842(17)	 P1-F2	 1.5874(16)	
P1-F6	 1.5893(15)	 P1-F1	 1.5929(15)	
P2-F9	 1.5910(14)	 P2-F7	 1.5927(14)	
P2-F8	 1.5973(14)	 P2-F10	 1.6007(14)	
P2-F11	 1.6031(14)	 P2-F12	 1.6083(14)	
N3-C13	 1.489(2)	 N3-C7	 1.491(2)	




N5-C3	 1.350(3)	 N4-C9	 1.344(2)	
N4-C8	 1.361(2)	 N2-C15	 1.344(2)	
N2-C14	 1.363(2)	 N1-C19	 1.352(2)	
N1-C23	 1.358(2)	 N6-C24	 1.346(2)	
N6-C28	 1.352(2)	 C1-C2	 1.494(3)	
C1-H2	 0.99	 C1-H1	 0.99	
C2-C6	 1.387(3)	 C3-C4	 1.382(3)	
C3-H6	 0.95	 C4-C5	 1.388(3)	
C4-H3	 0.95	 C5-C6	 1.379(3)	
C5-H5	 0.95	 C6-H4	 0.95	
C7-C8	 1.503(3)	 C7-H11	 0.99	
C7-H12	 0.99	 C8-C12	 1.382(3)	
C9-C10	 1.386(3)	 C9-H10	 0.95	
C10-C11	 1.378(3)	 C10-H9	 0.95	
C11-C12	 1.386(3)	 C11-H8	 0.95	
C12-H7	 0.95	 C13-C14	 1.510(3)	
C13-H13	 0.99	 C13-H18	 0.99	
C14-C18	 1.384(3)	 C15-C16	 1.385(3)	
C15-H17	 0.95	 C16-C17	 1.380(3)	
C16-H16	 0.95	 C17-C18	 1.383(3)	
C17-H15	 0.95	 C18-H14	 0.95	
C19-C20	 1.377(3)	 C19-H23	 0.95	
C20-C21	 1.382(3)	 C20-H22	 0.95	
C21-C22	 1.383(3)	 C21-H21	 0.95	
C22-C23	 1.381(3)	 C22-H20	 0.95	
C23-H19	 0.95	 C24-C25	 1.378(3)	
C24-H28	 0.95	 C25-C26	 1.382(3)	
C25-H27	 0.95	 C26-C27	 1.379(3)	
C26-H26	 0.95	 C27-C28	 1.377(3)	




N5-Ru1-N4	 81.36(6)	 N5-Ru1-N3	 81.83(6)	
N4-Ru1-N3	 82.26(6)	 N5-Ru1-N6	 175.40(6)	




N5-Ru1-N1	 96.63(6)	 N4-Ru1-N1	 96.80(6)	
N3-Ru1-N1	 178.29(6)	 N6-Ru1-N1	 84.97(6)	
N5-Ru1-N2	 94.35(6)	 N4-Ru1-N2	 161.22(6)	
N3-Ru1-N2	 79.02(6)	 N6-Ru1-N2	 89.53(6)	
N1-Ru1-N2	 101.87(6)	 F5-P1-F3	 179.05(15)	
F5-P1-F4	 89.92(11)	 F3-P1-F4	 90.76(14)	
F5-P1-F2	 90.41(11)	 F3-P1-F2	 90.24(11)	
F4-P1-F2	 91.73(9)	 F5-P1-F6	 90.22(10)	
F3-P1-F6	 89.13(11)	 F4-P1-F6	 88.71(9)	
F2-P1-F6	 179.23(11)	 F5-P1-F1	 89.51(9)	
F3-P1-F1	 89.81(13)	 F4-P1-F1	 179.41(12)	
F2-P1-F1	 88.41(9)	 F6-P1-F1	 91.16(8)	
F9-P2-F7	 90.19(9)	 F9-P2-F8	 179.67(10)	
F7-P2-F8	 90.03(8)	 F9-P2-F10	 90.41(8)	
F7-P2-F10	 179.40(9)	 F8-P2-F10	 89.37(8)	
F9-P2-F11	 89.99(8)	 F7-P2-F11	 90.41(8)	
F8-P2-F11	 90.25(8)	 F10-P2-F11	 89.64(7)	
F9-P2-F12	 90.29(8)	 F7-P2-F12	 90.30(8)	
F8-P2-F12	 89.46(8)	 F10-P2-F12	 89.65(8)	
F11-P2-F12	 179.24(9)	 C13-N3-C7	 113.55(16)	
C13-N3-C1	 109.14(15)	 C7-N3-C1	 111.51(15)	
C13-N3-Ru1	 105.57(11)	 C7-N3-Ru1	 107.37(11)	
C1-N3-Ru1	 109.46(12)	 C2-N5-C3	 118.17(17)	
C2-N5-Ru1	 114.68(13)	 C3-N5-Ru1	 125.75(13)	
C9-N4-C8	 118.33(16)	 C9-N4-Ru1	 127.92(13)	
C8-N4-Ru1	 112.40(12)	 C15-N2-C14	 117.31(16)	
C15-N2-Ru1	 130.81(13)	 C14-N2-Ru1	 111.65(12)	
C19-N1-C23	 116.20(16)	 C19-N1-Ru1	 123.80(12)	
C23-N1-Ru1	 120.00(12)	 C24-N6-C28	 116.46(16)	
C24-N6-Ru1	 121.96(13)	 C28-N6-Ru1	 121.25(13)	
C2-C1-N3	 111.62(15)	 C2-C1-H2	 109.3	
N3-C1-H2	 109.3	 C2-C1-H1	 109.3	
N3-C1-H1	 109.3	 H2-C1-H1	 108.0	
N5-C2-C6	 121.79(19)	 N5-C2-C1	 116.24(17)	
C6-C2-C1	 121.94(18)	 N5-C3-C4	 122.70(19)	




C3-C4-C5	 118.8(2)	 C3-C4-H3	 120.6	
C5-C4-H3	 120.6	 C6-C5-C4	 118.74(19)	
C6-C5-H5	 120.6	 C4-C5-H5	 120.6	
C5-C6-C2	 119.7(2)	 C5-C6-H4	 120.1	
C2-C6-H4	 120.1	 N3-C7-C8	 109.92(16)	
N3-C7-H11	 109.7	 C8-C7-H11	 109.7	
N3-C7-H12	 109.7	 C8-C7-H12	 109.7	
H11-C7-H12	 108.2	 N4-C8-C12	 121.66(18)	
N4-C8-C7	 116.09(16)	 C12-C8-C7	 122.19(18)	
N4-C9-C10	 122.53(18)	 N4-C9-H10	 118.7	
C10-C9-H10	 118.7	 C11-C10-C9	 118.88(19)	
C11-C10-H9	 120.6	 C9-C10-H9	 120.6	
C10-C11-C12	 119.24(19)	 C10-C11-H8	 120.4	
C12-C11-H8	 120.4	 C8-C12-C11	 119.32(19)	
C8-C12-H7	 120.3	 C11-C12-H7	 120.3	
N3-C13-C14	 107.35(16)	 N3-C13-H13	 110.2	
C14-C13-H13	 110.2	 N3-C13-H18	 110.2	
C14-C13-H18	 110.2	 H13-C13-H18	 108.5	
N2-C14-C18	 122.25(19)	 N2-C14-C13	 115.67(16)	
C18-C14-C13	 122.07(18)	 N2-C15-C16	 123.13(19)	
N2-C15-H17	 118.4	 C16-C15-H17	 118.4	
C17-C16-C15	 119.11(19)	 C17-C16-H16	 120.4	
C15-C16-H16	 120.4	 C16-C17-C18	 118.72(18)	
C16-C17-H15	 120.6	 C18-C17-H15	 120.6	
C17-C18-C14	 119.5(2)	 C17-C18-H14	 120.3	
C14-C18-H14	 120.3	 N1-C19-C20	 123.81(18)	
N1-C19-H23	 118.1	 C20-C19-H23	 118.1	
C19-C20-C21	 118.97(19)	 C19-C20-H22	 120.5	
C21-C20-H22	 120.5	 C20-C21-C22	 118.57(18)	




C23-C22-C21	 119.25(18)	 C23-C22-H20	 120.4	
C21-C22-H20	 120.4	 N1-C23-C22	 123.17(18)	
N1-C23-H19	 118.4	 C22-C23-H19	 118.4	
N6-C24-C25	 123.61(18)	 N6-C24-H28	 118.2	
C25-C24-H28	 118.2	 C24-C25-C26	 119.10(19)	
C24-C25-H27	 120.5	 C26-C25-H27	 120.5	
C27-C26-C25	 118.19(19)	 C27-C26-H26	 120.9	
C25-C26-H26	 120.9	 C28-C27-C26	 119.60(19)	
C28-C27-H25	 120.2	 C26-C27-H25	 120.2	
N6-C28-C27	 123.04(18)	 N6-C28-H24	 118.5	






	 U11	 U22	 U33	 U23	 U13	 U12	
Ru1	 0.01299(7)	 0.01505(7)	 0.01146(7)	 0.00110(5)	 0.00156(5)	 0.00091(5)	
P1	 0.0219(3)	 0.0254(3)	 0.0194(2)	 0.0000(2)	 0.0033(2)	 0.0071(2)	
P2	 0.0187(2)	 0.0230(3)	 0.0267(3)	 -0.0037(2)	 0.0029(2)	 0.0008(2)	
F1	 0.0353(8)	 0.0524(10)	 0.0575(10)	 0.0385(8)	 -0.0075(7)	 -0.0159(7)	
F2	 0.0628(11)	 0.0411(9)	 0.0735(12)	 -0.0079(8)	 -0.0417(9)	 0.0077(8)	
F3	 0.0895(15)	 0.204(3)	 0.0236(8)	 0.0027(12)	 0.0118(9)	 0.1097(18)	
F4	 0.0884(14)	 0.0183(8)	 0.0899(14)	 0.0050(8)	 -0.0410(11)	 0.0061(8)	
F5	 0.0598(10)	 0.0700(11)	 0.0436(9)	 0.0259(8)	 0.0355(8)	 0.0365(9)	
F6	 0.0447(9)	 0.0465(9)	 0.0394(8)	 0.0118(7)	 -0.0183(7)	 -0.0065(7)	
F7	 0.0360(8)	 0.0370(8)	 0.0628(10)	 0.0121(7)	 0.0145(7)	 0.0169(6)	
F8	 0.0249(7)	 0.0346(8)	 0.0595(9)	 0.0013(7)	 -0.0024(6)	 -0.0080(6)	
F9	 0.0340(7)	 0.0373(8)	 0.0545(9)	 -0.0151(7)	 0.0216(7)	 -0.0119(6)	
F10	 0.0278(7)	 0.0399(8)	 0.0319(7)	 -0.0020(6)	 -0.0005(5)	 0.0125(6)	
F11	 0.0514(9)	 0.0424(8)	 0.0239(7)	 -0.0046(6)	 -0.0034(6)	 0.0087(7)	
F12	 0.0401(8)	 0.0457(9)	 0.0320(7)	 -0.0124(6)	 0.0139(6)	 -0.0020(6)	
N3	 0.0180(8)	 0.0193(8)	 0.0161(8)	 0.0025(6)	 0.0024(6)	 0.0042(6)	




	 U11	 U22	 U33	 U23	 U13	 U12	
N4	 0.0155(7)	 0.0177(8)	 0.0129(7)	 0.0005(6)	 0.0026(6)	 -0.0017(6)	
N2	 0.0139(7)	 0.0214(8)	 0.0124(7)	 -0.0007(6)	 0.0008(6)	 0.0011(6)	
N1	 0.0162(7)	 0.0166(8)	 0.0123(7)	 0.0002(6)	 0.0022(6)	 0.0013(6)	
N6	 0.0161(7)	 0.0153(7)	 0.0158(7)	 -0.0006(6)	 0.0018(6)	 0.0020(6)	
C1	 0.0191(9)	 0.0282(11)	 0.0165(9)	 0.0027(8)	 -0.0014(7)	 0.0065(8)	
C2	 0.0145(9)	 0.0269(10)	 0.0162(9)	 0.0014(8)	 0.0023(7)	 0.0015(7)	
C3	 0.0164(9)	 0.0217(10)	 0.0194(9)	 0.0007(8)	 0.0030(7)	 -0.0019(7)	
C4	 0.0202(10)	 0.0252(10)	 0.0219(10)	 -0.0052(8)	 0.0052(8)	 -0.0032(8)	
C5	 0.0211(10)	 0.0408(13)	 0.0185(10)	 -0.0078(9)	 0.0004(8)	 -0.0016(9)	
C6	 0.0188(10)	 0.0388(12)	 0.0173(9)	 -0.0019(9)	 -0.0007(7)	 0.0030(9)	
C7	 0.0241(10)	 0.0202(10)	 0.0221(10)	 0.0071(8)	 0.0059(8)	 0.0038(8)	
C8	 0.0210(9)	 0.0192(9)	 0.0170(9)	 0.0031(7)	 0.0026(7)	 0.0013(7)	
C9	 0.0167(9)	 0.0181(9)	 0.0176(9)	 0.0009(7)	 0.0017(7)	 -0.0001(7)	
C10	 0.0215(10)	 0.0263(10)	 0.0188(9)	 -0.0013(8)	 0.0069(8)	 0.0026(8)	
C11	 0.0306(11)	 0.0324(12)	 0.0189(10)	 0.0051(9)	 0.0103(8)	 0.0028(9)	
C12	 0.0318(11)	 0.0259(11)	 0.0213(10)	 0.0084(8)	 0.0074(8)	 0.0039(9)	
C13	 0.0223(10)	 0.0203(10)	 0.0203(9)	 0.0021(8)	 0.0034(8)	 0.0065(8)	
C14	 0.0191(9)	 0.0233(10)	 0.0152(9)	 -0.0021(7)	 0.0007(7)	 0.0030(8)	
C15	 0.0169(9)	 0.0218(9)	 0.0150(9)	 -0.0018(7)	 0.0010(7)	 -0.0007(7)	
C16	 0.0159(9)	 0.0313(11)	 0.0182(9)	 -0.0030(8)	 0.0017(7)	 -0.0043(8)	
C17	 0.0168(9)	 0.0379(12)	 0.0237(10)	 -0.0052(9)	 0.0043(8)	 0.0050(9)	
C18	 0.0225(10)	 0.0287(11)	 0.0217(10)	 -0.0029(8)	 0.0027(8)	 0.0089(8)	
C19	 0.0161(9)	 0.0212(9)	 0.0162(9)	 0.0012(7)	 0.0048(7)	 0.0003(7)	
C20	 0.0265(10)	 0.0179(9)	 0.0177(9)	 0.0009(7)	 0.0062(8)	 0.0027(8)	
C21	 0.0275(10)	 0.0220(10)	 0.0175(9)	 -0.0003(8)	 -0.0005(8)	 0.0085(8)	
C22	 0.0187(9)	 0.0250(10)	 0.0184(9)	 -0.0043(8)	 -0.0022(7)	 0.0042(8)	
C23	 0.0186(9)	 0.0194(9)	 0.0144(9)	 -0.0017(7)	 0.0013(7)	 -0.0008(7)	




	 U11	 U22	 U33	 U23	 U13	 U12	
C25	 0.0292(11)	 0.0235(11)	 0.0277(11)	 -0.0070(9)	 0.0082(9)	 -0.0096(9)	
C26	 0.0275(11)	 0.0311(12)	 0.0245(11)	 -0.0098(9)	 0.0030(8)	 -0.0055(9)	
C27	 0.0223(10)	 0.0335(11)	 0.0163(9)	 -0.0046(8)	 0.0033(8)	 -0.0007(9)	





	 x/a	 y/b	 z/c	 U(eq)	
H2	 0.3831	 0.0610	 0.4230	 0.026	
H1	 0.4265	 0.1197	 0.3549	 0.026	
H6	 0.2568	 0.5018	 0.3384	 0.023	
H3	 0.3035	 0.6056	 0.4455	 0.027	
H5	 0.3881	 0.4869	 0.5264	 0.032	
H4	 0.4189	 0.2644	 0.4983	 0.03	
H11	 0.2851	 -0.0668	 0.4085	 0.026	
H12	 0.2353	 -0.0869	 0.3332	 0.026	
H10	 0.1137	 0.3410	 0.3401	 0.021	
H9	 0.0473	 0.3045	 0.4453	 0.026	
H8	 0.0794	 0.1199	 0.5203	 0.032	
H7	 0.1785	 -0.0230	 0.4882	 0.031	
H13	 0.3163	 -0.0736	 0.2401	 0.025	
H18	 0.3920	 -0.0845	 0.2932	 0.025	
H17	 0.3696	 0.3727	 0.1600	 0.021	
H16	 0.4872	 0.3339	 0.1119	 0.026	
H15	 0.5461	 0.1239	 0.1296	 0.031	
H14	 0.4870	 -0.0380	 0.2009	 0.029	
H23	 0.2869	 0.4996	 0.2086	 0.021	
H22	 0.2223	 0.6713	 0.1471	 0.025	
H21	 0.0912	 0.6483	 0.1174	 0.027	
H20	 0.0296	 0.4504	 0.1520	 0.025	
H19	 0.0997	 0.2799	 0.2093	 0.021	
H28	 0.1323	 0.0010	 0.2594	 0.025	
H27	 0.0597	 -0.1208	 0.1736	 0.032	




	 x/a	 y/b	 z/c	 U(eq)	
H25	 0.1863	 0.0341	 0.0159	 0.029	








	 x/a	 y/b	 z/c	 U(eq)	
Ru01	 0.22733(4)	 0.14312(3)	 0.30851(4)	 0.0326(2)	
Ru02	 0.76498(4)	 0.37876(4)	 0.62130(4)	 0.0400(2)	
P003	 0.51596(17)	 0.65203(16)	 0.73421(16)	 0.0592(9)	
P004	 0.9008(2)	 0.59137(14)	 0.90964(18)	 0.0627(8)	
P005	 0.8470(2)	 0.13917(18)	 0.8367(2)	 0.0669(9)	
P006	 0.3562(5)	 0.36597(18)	 0.5517(2)	 0.114(2)	
F007	 0.4830(5)	 0.6396(4)	 0.7977(4)	 0.084(3)	
F008	 0.8598(5)	 0.1287(3)	 0.9239(4)	 0.0685(19)	
N3	 0.2941(5)	 0.2117(3)	 0.2840(5)	 0.0392(17)	
N00A	 0.8252(5)	 0.3074(3)	 0.5944(4)	 0.0383(16)	
N4	 0.1646(4)	 0.2193(3)	 0.3213(4)	 0.0363(16)	
N2	 0.3131(5)	 0.0858(3)	 0.2937(4)	 0.0376(16)	
N5	 0.1548(5)	 0.1525(3)	 0.1919(4)	 0.0330(15)	
F00E	 0.4591(6)	 0.6003(4)	 0.6810(4)	 0.097(3)	
N6	 0.3011(5)	 0.1401(4)	 0.4272(5)	 0.0437(18)	
F00G	 0.5504(5)	 0.6649(5)	 0.6725(5)	 0.107(4)	
N00H	 0.8379(5)	 0.3815(3)	 0.7399(4)	 0.0388(17)	
N1	 0.1591(5)	 0.0722(4)	 0.3322(5)	 0.0429(18)	
N00J	 0.8299(5)	 0.4415(3)	 0.5885(5)	 0.0410(17)	
F00K	 0.4479(7)	 0.7022(6)	 0.6937(5)	 0.121(4)	
N00L	 0.6915(5)	 0.4515(4)	 0.6301(4)	 0.049(2)	
F00M	 0.8926(7)	 0.5269(4)	 0.9474(5)	 0.099(3)	
F00N	 0.9083(8)	 0.6561(4)	 0.8718(6)	 0.107(3)	
C00O	 0.0913(5)	 0.2208(4)	 0.3246(5)	 0.0378(19)	




	 x/a	 y/b	 z/c	 U(eq)	
C00Q	 0.2001(6)	 0.2744(4)	 0.3182(5)	 0.041(2)	
F00R	 0.5841(6)	 0.6016(6)	 0.7756(6)	 0.133(5)	
N00S	 0.6936(5)	 0.3749(6)	 0.5032(5)	 0.067(3)	
C00T	 0.0546(6)	 0.2763(5)	 0.3288(6)	 0.048(2)	
C00U	 0.2663(7)	 0.2176(5)	 0.1988(6)	 0.051(3)	
C00V	 0.0308(7)	 0.1430(5)	 0.0783(6)	 0.051(2)	
N0W	 0.1037(6)	 0.0195(5)	 0.3960(6)	 0.065(3)	
N00X	 0.6840(6)	 0.3156(5)	 0.6326(8)	 0.085(4)	
C00Y	 0.0792(6)	 0.1287(4)	 0.1537(6)	 0.043(2)	
C00Z	 0.3110(6)	 0.0246(4)	 0.2773(5)	 0.042(2)	
C010	 0.8970(6)	 0.2814(4)	 0.6400(6)	 0.043(2)	
C011	 0.1814(6)	 0.1932(4)	 0.1549(6)	 0.041(2)	
C012	 0.2829(6)	 0.2707(4)	 0.3188(6)	 0.047(2)	
N1A	 0.3548(7)	 0.1610(6)	 0.5497(6)	 0.075(3)	
C013	 0.1640(6)	 0.3314(5)	 0.3186(6)	 0.048(2)	
C014	 0.3789(6)	 0.1196(5)	 0.2995(6)	 0.046(2)	
F015	 0.9360(7)	 0.1201(5)	 0.8585(10)	 0.157(6)	
F016	 0.5757(8)	 0.7027(6)	 0.7880(5)	 0.172(7)	
C017	 0.9034(6)	 0.4663(4)	 0.6297(7)	 0.047(2)	
C018	 0.1443(6)	 0.0709(5)	 0.3949(6)	 0.050(2)	
C019	 0.7936(7)	 0.4566(4)	 0.5128(6)	 0.052(3)	
F01B	 0.9393(11)	 0.6202(6)	 0.9865(6)	 0.176(7)	
C01C	 0.3794(6)	 0.1878(5)	 0.3190(6)	 0.046(2)	
C01D	 0.0601(8)	 0.1848(5)	 0.0403(6)	 0.059(3)	
F01E	 0.8281(11)	 0.0668(7)	 0.8234(8)	 0.218(10)	
C01F	 0.8664(6)	 0.3315(5)	 0.7886(5)	 0.043(2)	
F01G	 0.8783(10)	 0.2073(4)	 0.8587(10)	 0.171(7)	
C01H	 0.3740(6)	 0.9949(5)	 0.2680(6)	 0.048(2)	
C01I	 0.4438(7)	 0.0910(5)	 0.2915(7)	 0.055(3)	
C01J	 0.0919(7)	 0.3321(5)	 0.3259(6)	 0.054(3)	
C01K	 0.7900(9)	 0.2875(5)	 0.5221(6)	 0.067(4)	
C01L	 0.7112(8)	 0.4297(5)	 0.4665(6)	 0.057(3)	
C01M	 0.1341(7)	 0.2101(5)	 0.0791(6)	 0.050(2)	
C01N	 0.9414(7)	 0.5069(5)	 0.6003(8)	 0.060(3)	




	 x/a	 y/b	 z/c	 U(eq)	
N1P	 0.9057(8)	 0.4156(5)	 0.8554(6)	 0.082(4)	
C01Q	 0.4406(7)	 0.0281(6)	 0.2761(7)	 0.060(3)	
F01R	 0.9515(14)	 0.5620(7)	 0.8795(16)	 0.310(15)	
C01S	 0.7099(11)	 0.3156(6)	 0.4721(8)	 0.107(7)	
C01T	 0.8287(9)	 0.4964(5)	 0.4791(7)	 0.063(3)	
C01U	 0.9314(9)	 0.2343(5)	 0.6152(8)	 0.068(3)	
C01V	 0.3082(6)	 0.1825(6)	 0.4805(6)	 0.054(3)	
C1W	 0.0929(7)	 0.9848(5)	 0.3321(8)	 0.065(3)	
C1X	 0.9095(7)	 0.3528(6)	 0.8611(6)	 0.057(3)	
C01Y	 0.3458(9)	 0.0899(6)	 0.4656(6)	 0.066(3)	
F01Z	 0.4236(15)	 0.3437(10)	 0.6326(9)	 0.270(14)	
C020	 0.9047(10)	 0.5229(5)	 0.5266(9)	 0.074(4)	
F021	 0.3789(15)	 0.3333(9)	 0.4956(11)	 0.306(15)	
F023	 0.2879(9)	 0.4089(8)	 0.4820(7)	 0.162(6)	
C24	 0.3790(10)	 0.1014(7)	 0.5426(7)	 0.083(4)	
C025	 0.8635(10)	 0.4309(5)	 0.7823(7)	 0.073(4)	
C028	 0.6858(10)	 0.2673(7)	 0.6733(9)	 0.091(5)	
F02C	 0.3052(19)	 0.3121(5)	 0.5472(16)	 0.346(17)	
C02H	 0.6205(12)	 0.2474(16)	 0.6764(11)	 0.200(16)	
F02I	 0.8312(11)	 0.1561(11)	 0.7537(7)	 0.219(10)	
C02J	 0.8930(15)	 0.2129(7)	 0.5416(10)	 0.116(8)	
N2M	 0.6287(16)	 0.5422(8)	 0.6357(17)	 0.196(12)	
F02N	 0.7601(7)	 0.1624(14)	 0.8206(7)	 0.281(15)	
C02O	 0.6105(11)	 0.3102(10)	 0.5510(10)	 0.102(5)	
F02P	 0.8234(8)	 0.5741(8)	 0.8319(9)	 0.163(6)	
C02Q	 0.6094(9)	 0.381(2)	 0.4987(11)	 0.23(2)	
C02R	 0.5449(10)	 0.245(2)	 0.574(3)	 0.32(3)	
C02S	 0.6967(10)	 0.5042(6)	 0.645(2)	 0.23(2)	
C2V	 0.6068(19)	 0.465(3)	 0.6517(11)	 0.32(3)	
F2	 0.8231(9)	 0.6162(7)	 0.9207(13)	 0.185(7)	
F6	 0.4161(12)	 0.4169(9)	 0.5644(11)	 0.254(12)	







Ru01-N4	 2.057(7)	 Ru01-N5	 2.076(7)	
Ru01-N3	 2.077(7)	 Ru01-N2	 2.091(7)	
Ru01-N6	 2.103(8)	 Ru01-N1	 2.121(7)	
Ru02-N00J	 2.048(8)	 Ru02-N00A	 2.063(8)	
Ru02-N00X	 2.072(10)	 Ru02-N00S	 2.088(9)	
Ru02-N00H	 2.099(8)	 Ru02-N00L	 2.099(8)	
P003-F00E	 1.562(8)	 P003-F00K	 1.572(10)	
P003-F016	 1.573(9)	 P003-F00G	 1.577(8)	
P003-F00R	 1.579(10)	 P003-F007	 1.588(8)	
P004-F01R	 1.420(10)	 P004-F01B	 1.475(9)	
P004-F00M	 1.589(8)	 P004-F2	 1.601(16)	
P004-F00N	 1.593(9)	 P004-F02P	 1.606(14)	
P005-F02I	 1.536(11)	 P005-F015	 1.545(10)	
P005-F01G	 1.554(12)	 P005-F02N	 1.556(12)	
P005-F01E	 1.579(13)	 P005-F008	 1.604(8)	
P006-F02C	 1.456(14)	 P006-F021	 1.477(11)	
P006-F6	 1.483(15)	 P006-F01Z	 1.594(16)	
P006-F023	 1.666(14)	 P006-F00P	 1.705(11)	
N3-C012	 1.477(11)	 N3-C01C	 1.497(12)	
N3-C00U	 1.499(13)	 N00A-C01K	 1.330(12)	
N00A-C010	 1.347(12)	 N4-C00Q	 1.355(12)	
N4-C00O	 1.358(11)	 N2-C00Z	 1.340(11)	
N2-C014	 1.361(12)	 N5-C011	 1.332(12)	
N5-C00Y	 1.356(12)	 N6-C01V	 1.332(12)	
N6-C01Y	 1.360(15)	 N00H-C025	 1.293(14)	
N00H-C01F	 1.370(12)	 N1-C018	 1.337(12)	
N1-C1O	 1.363(12)	 N00J-C017	 1.343(13)	
N00J-C019	 1.358(13)	 N00L-C02S	 1.155(18)	
N00L-C2V	 1.78(4)	 C00O-C00T	 1.377(13)	
C00O-H00O	 0.95	 C00Q-C013	 1.381(14)	
C00Q-C012	 1.502(13)	 N00S-C01L	 1.467(15)	
N00S-C01S	 1.48(2)	 N00S-C02Q	 1.498(18)	
C00T-C01J	 1.382(15)	 C00T-H00T	 0.95	
C00U-C011	 1.505(14)	 C00U-H00A	 0.99	
C00U-H00B	 0.99	 C00V-C00Y	 1.375(15)	




N0W-C018	 1.326(14)	 N0W-C1W	 1.373(17)	
N0W-H0W	 0.88	 N00X-C028	 1.285(16)	
N00X-C02O	 1.58(2)	 C00Y-H00Y	 0.95	
C00Z-C01H	 1.382(14)	 C00Z-H00Z	 0.95	
C010-C01U	 1.370(14)	 C010-H010	 0.95	
C011-C01M	 1.390(14)	 C012-H01A	 0.99	
C012-H01B	 0.99	 N1A-C01V	 1.322(16)	
N1A-C24	 1.371(18)	 N1A-H01C	 0.88	
C013-C01J	 1.375(15)	 C013-H013	 0.95	
C014-C01I	 1.390(14)	 C014-C01C	 1.500(13)	
C017-C01N	 1.366(15)	 C017-H017	 0.95	
C018-H018	 0.95	 C019-C01T	 1.374(16)	
C019-C01L	 1.498(17)	 C01C-H01D	 0.99	
C01C-H01E	 0.99	 C01D-C01M	 1.347(16)	
C01D-H01F	 0.95	 C01F-C1X	 1.356(15)	
C01F-H01G	 0.95	 C01H-C01Q	 1.352(16)	
C01H-H01H	 0.95	 C01I-C01Q	 1.371(15)	
C01I-H01I	 0.95	 C01J-H01J	 0.95	
C01K-C3	 1.42(2)	 C01K-C01S	 1.49(2)	
C01L-H01K	 0.99	 C01L-H01L	 0.99	
C01M-H01M	 0.95	 C01N-C020	 1.330(19)	
C01N-H01N	 0.95	 C1O-C1W	 1.332(15)	
C1O-H1O	 0.95	 N1P-C025	 1.325(17)	
N1P-C1X	 1.345(16)	 N1P-H1P	 0.88	
C01Q-H01Q	 0.95	 C01S-H01R	 0.99	
C01S-H01S	 0.99	 C01T-C020	 1.41(2)	
C01T-H01T	 0.95	 C01U-C02J	 1.37(2)	
C01U-H01U	 0.95	 C01V-H01V	 0.95	
C1W-H1W	 0.95	 C1X-H1X	 0.95	
C01Y-C24	 1.362(16)	 C01Y-H01Y	 0.95	
C020-H020	 0.95	 C24-H24	 0.95	
C025-H025	 0.95	 C028-C02H	 1.28(2)	
C028-H028	 0.95	 C02H-C02R	 1.86(4)	
C02H-H02H	 0.95	 C02J-C3	 1.31(3)	
C02J-H02J	 0.95	 N2M-C02S	 1.42(2)	




C02O-C02R	 2.00(5)	 C02S-C2V	 1.88(3)	




N4-Ru01-N5	 85.3(3)	 N4-Ru01-N3	 82.8(3)	
N5-Ru01-N3	 81.7(3)	 N4-Ru01-N2	 163.6(3)	
N5-Ru01-N2	 94.7(3)	 N3-Ru01-N2	 81.0(3)	
N4-Ru01-N6	 91.7(3)	 N5-Ru01-N6	 176.2(3)	
N3-Ru01-N6	 95.7(3)	 N2-Ru01-N6	 87.4(3)	
N4-Ru01-N1	 97.8(3)	 N5-Ru01-N1	 97.8(3)	
N3-Ru01-N1	 179.2(3)	 N2-Ru01-N1	 98.5(3)	
N6-Ru01-N1	 84.9(3)	 N00J-Ru02-N00A	 88.4(3)	
N00J-Ru02-N00X	 169.1(4)	 N00A-Ru02-N00X	 91.1(4)	
N00J-Ru02-N00S	 82.4(4)	 N00A-Ru02-N00S	 81.6(4)	
N00X-Ru02-N00S	 86.7(5)	 N00J-Ru02-N00H	 97.5(3)	
N00A-Ru02-N00H	 97.6(3)	 N00X-Ru02-N00H	 93.4(4)	
N00S-Ru02-N00H	 179.1(4)	 N00J-Ru02-N00L	 90.5(3)	
N00A-Ru02-N00L	 170.9(3)	 N00X-Ru02-N00L	 88.3(4)	
N00S-Ru02-N00L	 89.4(4)	 N00H-Ru02-N00L	 91.5(3)	
F00E-P003-F00K	 89.5(6)	 F00E-P003-F016	 178.0(8)	
F00K-P003-F016	 92.3(7)	 F00E-P003-F00G	 89.6(5)	
F00K-P003-F00G	 89.3(6)	 F016-P003-F00G	 89.5(6)	
F00E-P003-F00R	 90.7(7)	 F00K-P003-F00R	 179.4(6)	
F016-P003-F00R	 87.6(8)	 F00G-P003-F00R	 91.3(6)	
F00E-P003-F007	 91.4(4)	 F00K-P003-F007	 91.3(6)	
F016-P003-F007	 89.5(5)	 F00G-P003-F007	 178.8(5)	
F00R-P003-F007	 88.1(5)	 F01R-P004-F01B	 118.2(15)	
F01R-P004-F00M	 90.2(6)	 F01B-P004-F00M	 90.1(6)	
F01R-P004-F2	 162.9(15)	 F01B-P004-F2	 78.8(10)	
F00M-P004-F2	 88.3(7)	 F01R-P004-F00N	 90.2(7)	
F01B-P004-F00N	 89.9(6)	 F00M-P004-F00N	 179.5(6)	
F2-P004-F00N	 91.2(7)	 F01R-P004-F02P	 89.1(14)	
F01B-P004-F02P	 152.6(11)	 F00M-P004-F02P	 90.7(7)	
F2-P004-F02P	 73.9(9)	 F00N-P004-F02P	 89.1(7)	




F015-P005-F01G	 87.2(7)	 F02I-P005-F02N	 89.1(8)	
F015-P005-F02N	 175.1(11)	 F01G-P005-F02N	 88.9(12)	
F02I-P005-F01E	 97.4(10)	 F015-P005-F01E	 85.3(9)	
F01G-P005-F01E	 171.5(10)	 F02N-P005-F01E	 98.4(13)	
F02I-P005-F008	 174.0(8)	 F015-P005-F008	 90.1(7)	
F01G-P005-F008	 88.3(6)	 F02N-P005-F008	 86.8(6)	
F01E-P005-F008	 87.6(5)	 F02C-P006-F021	 87.0(6)	
F02C-P006-F6	 172.9(16)	 F021-P006-F6	 93.2(12)	
F02C-P006-F01Z	 91.9(14)	 F021-P006-F01Z	 103.5(13)	
F6-P006-F01Z	 81.2(13)	 F02C-P006-F023	 98.3(15)	
F021-P006-F023	 91.0(12)	 F6-P006-F023	 88.7(10)	
F01Z-P006-F023	 162.7(9)	 F02C-P006-F00P	 83.1(6)	
F021-P006-F00P	 167.1(10)	 F6-P006-F00P	 97.6(12)	
F01Z-P006-F00P	 85.1(6)	 F023-P006-F00P	 82.3(6)	
C012-N3-C01C	 113.6(7)	 C012-N3-C00U	 112.0(8)	
C01C-N3-C00U	 109.3(7)	 C012-N3-Ru01	 107.1(5)	
C01C-N3-Ru01	 104.5(6)	 C00U-N3-Ru01	 110.0(5)	
C01K-N00A-C010	 117.3(10)	 C01K-N00A-Ru02	 114.9(8)	
C010-N00A-Ru02	 127.7(6)	 C00Q-N4-C00O	 118.2(8)	
C00Q-N4-Ru01	 112.6(6)	 C00O-N4-Ru01	 128.8(6)	
C00Z-N2-C014	 118.3(8)	 C00Z-N2-Ru01	 130.7(7)	
C014-N2-Ru01	 110.9(6)	 C011-N5-C00Y	 117.9(8)	
C011-N5-Ru01	 115.3(6)	 C00Y-N5-Ru01	 126.0(6)	
C01V-N6-C01Y	 106.0(9)	 C01V-N6-Ru01	 128.5(8)	
C01Y-N6-Ru01	 125.2(7)	 C025-N00H-C01F	 105.8(9)	
C025-N00H-Ru02	 127.1(7)	 C01F-N00H-Ru02	 127.1(6)	
C018-N1-C1O	 105.0(9)	 C018-N1-Ru01	 124.2(7)	
C1O-N1-Ru01	 130.7(7)	 C017-N00J-C019	 117.0(9)	
C017-N00J-Ru02	 129.4(7)	 C019-N00J-Ru02	 113.5(7)	
C02S-N00L-C2V	 76.4(19)	 C02S-N00L-Ru02	 138.8(10)	
C2V-N00L-Ru02	 141.5(17)	 N4-C00O-C00T	 122.1(9)	
N4-C00O-H00O	 119.0	 C00T-C00O-H00O	 119.0	
N4-C00Q-C013	 122.0(9)	 N4-C00Q-C012	 116.5(8)	
C013-C00Q-C012	 121.5(8)	 C01L-N00S-C01S	 111.6(10)	
C01L-N00S-C02Q	 109.2(15)	 C01S-N00S-C02Q	 115.(2)	




C02Q-N00S-Ru02	 102.4(9)	 C00O-C00T-C01J	 118.8(9)	
C00O-C00T-H00T	 120.6	 C01J-C00T-H00T	 120.6	
N3-C00U-C011	 112.3(7)	 N3-C00U-H00A	 109.1	
C011-C00U-H00A	 109.1	 N3-C00U-H00B	 109.1	
C011-C00U-H00B	 109.1	 H00A-C00U-H00B	 107.9	
C00Y-C00V-C01D	 118.6(10)	 C00Y-C00V-H00V	 120.7	
C01D-C00V-H00V	 120.7	 C018-N0W-C1W	 107.8(9)	
C018-N0W-H0W	 126.1	 C1W-N0W-H0W	 126.1	
C028-N00X-C02O	 109.9(13)	 C028-N00X-Ru02	 138.3(10)	
C02O-N00X-Ru02	 106.6(9)	 N5-C00Y-C00V	 122.7(9)	
N5-C00Y-H00Y	 118.6	 C00V-C00Y-H00Y	 118.6	
N2-C00Z-C01H	 122.3(9)	 N2-C00Z-H00Z	 118.9	
C01H-C00Z-H00Z	 118.9	 N00A-C010-C01U	 122.3(10)	
N00A-C010-H010	 118.8	 C01U-C010-H010	 118.8	
N5-C011-C01M	 121.4(9)	 N5-C011-C00U	 116.2(9)	
C01M-C011-C00U	 122.3(9)	 N3-C012-C00Q	 111.7(7)	
N3-C012-H01A	 109.3	 C00Q-C012-H01A	 109.3	
N3-C012-H01B	 109.3	 C00Q-C012-H01B	 109.3	
H01A-C012-H01B	 108.0	 C01V-N1A-C24	 108.6(10)	
C01V-N1A-H01C	 125.7	 C24-N1A-H01C	 125.7	
C01J-C013-C00Q	 119.0(10)	 C01J-C013-H013	 120.5	
C00Q-C013-H013	 120.5	 N2-C014-C01I	 120.9(9)	
N2-C014-C01C	 116.6(8)	 C01I-C014-C01C	 122.4(9)	
N00J-C017-C01N	 123.7(11)	 N00J-C017-H017	 118.1	
C01N-C017-H017	 118.1	 N0W-C018-N1	 110.7(10)	
N0W-C018-H018	 124.6	 N1-C018-H018	 124.6	
N00J-C019-C01T	 122.4(12)	 N00J-C019-C01L	 117.4(9)	
C01T-C019-C01L	 120.2(10)	 N3-C01C-C014	 108.8(7)	
N3-C01C-H01D	 109.9	 C014-C01C-H01D	 109.9	
N3-C01C-H01E	 109.9	 C014-C01C-H01E	 109.9	
H01D-C01C-H01E	 108.3	 C01M-C01D-C00V	 118.6(10)	
C01M-C01D-H01F	 120.7	 C00V-C01D-H01F	 120.7	
C1X-C01F-N00H	 109.2(9)	 C1X-C01F-H01G	 125.4	
N00H-C01F-H01G	 125.4	 C01Q-C01H-C00Z	 119.5(9)	
C01Q-C01H-H01H	 120.2	 C00Z-C01H-H01H	 120.2	




C014-C01I-H01I	 120.3	 C013-C01J-C00T	 119.8(9)	
C013-C01J-H01J	 120.1	 C00T-C01J-H01J	 120.1	
N00A-C01K-C3	 121.1(13)	 N00A-C01K-C01S	 117.2(13)	
C3-C01K-C01S	 121.7(13)	 N00S-C01L-C019	 112.7(8)	
N00S-C01L-H01K	 109.1	 C019-C01L-H01K	 109.1	
N00S-C01L-H01L	 109.1	 C019-C01L-H01L	 109.1	
H01K-C01L-H01L	 107.8	 C01D-C01M-C011	 120.8(10)	
C01D-C01M-H01M	 119.6	 C011-C01M-H01M	 119.6	
C020-C01N-C017	 119.2(12)	 C020-C01N-H01N	 120.4	
C017-C01N-H01N	 120.4	 C1W-C1O-N1	 110.7(11)	
C1W-C1O-H1O	 124.6	 N1-C1O-H1O	 124.6	
C025-N1P-C1X	 108.6(10)	 C025-N1P-H1P	 125.7	
C1X-N1P-H1P	 125.7	 C01H-C01Q-C01I	 119.6(10)	
C01H-C01Q-H01Q	 120.2	 C01I-C01Q-H01Q	 120.2	
N00S-C01S-C01K	 112.9(9)	 N00S-C01S-H01R	 109.0	
C01K-C01S-H01R	 109.0	 N00S-C01S-H01S	 109.0	
C01K-C01S-H01S	 109.0	 H01R-C01S-H01S	 107.8	
C019-C01T-C020	 117.6(11)	 C019-C01T-H01T	 121.2	
C020-C01T-H01T	 121.2	 C02J-C01U-C010	 119.6(14)	
C02J-C01U-H01U	 120.2	 C010-C01U-H01U	 120.2	
N1A-C01V-N6	 110.5(11)	 N1A-C01V-H01V	 124.7	
N6-C01V-H01V	 124.7	 C1O-C1W-N0W	 105.8(10)	
C1O-C1W-H1W	 127.1	 N0W-C1W-H1W	 127.1	
N1P-C1X-C01F	 105.3(10)	 N1P-C1X-H1X	 127.4	
C01F-C1X-H1X	 127.4	 N6-C01Y-C24	 109.8(11)	
N6-C01Y-H01Y	 125.1	 C24-C01Y-H01Y	 125.1	
C01N-C020-C01T	 120.0(11)	 C01N-C020-H020	 120.0	
C01T-C020-H020	 120.0	 C01Y-C24-N1A	 105.1(12)	
C01Y-C24-H24	 127.5	 N1A-C24-H24	 127.5	
N00H-C025-N1P	 111.2(11)	 N00H-C025-H025	 124.4	
N1P-C025-H025	 124.4	 C02H-C028-N00X	 120.2(18)	
C02H-C028-H028	 119.9	 N00X-C028-H028	 119.9	
C028-C02H-C02R	 104.5(18)	 C028-C02H-H02H	 127.8	
C02R-C02H-H02H	 127.8	 C3-C02J-C01U	 119.1(13)	
C3-C02J-H02J	 120.5	 C01U-C02J-H02J	 120.5	




N00X-C02O-C02R	 99.5(15)	 C02Q-C02O-C02R	 146.7(15)	
N00S-C02Q-C02O	 97.3(17)	 C02H-C02R-C02O	 88.2(11)	
N00L-C02S-N2M	 123.2(17)	 N00L-C02S-C2V	 66.9(19)	
N2M-C02S-C2V	 62.(2)	 N2M-C2V-N00L	 80.3(11)	
N2M-C2V-C02S	 46.1(10)	 N00L-C2V-C02S	 36.7(8)	
C02J-C3-C01K	 120.5(12)	 C02J-C3-H3	 119.8	






	 U11	 U22	 U33	 U23	 U13	 U12	
Ru01	 0.0391(4)	 0.0300(4)	 0.0339(4)	 -0.0101(3)	 0.0204(3)	 -0.0102(3)	
Ru02	 0.0306(4)	 0.0491(5)	 0.0343(4)	 0.0150(3)	 0.0076(3)	 0.0111(3)	
P003	 0.0381(13)	 0.081(2)	 0.0397(14)	 0.0239(13)	 -0.0020(11)	 -0.0268(13)	
P004	 0.099(2)	 0.0467(15)	 0.0496(16)	 -0.0164(13)	 0.0387(17)	 -0.0106(15)	
P005	 0.0504(17)	 0.085(2)	 0.065(2)	 0.0201(17)	 0.0238(15)	 -0.0019(15)	
P006	 0.239(7)	 0.0497(19)	 0.055(2)	 0.0059(16)	 0.063(3)	 -0.021(3)	
F007	 0.076(5)	 0.125(7)	 0.044(4)	 0.001(4)	 0.017(4)	 -0.042(5)	
F008	 0.090(5)	 0.046(3)	 0.068(4)	 0.002(3)	 0.031(4)	 -0.008(3)	
N3	 0.043(4)	 0.032(4)	 0.053(5)	 -0.013(3)	 0.030(4)	 -0.012(3)	
N00A	 0.047(4)	 0.034(4)	 0.028(4)	 0.002(3)	 0.011(3)	 -0.004(3)	
N4	 0.041(4)	 0.036(4)	 0.036(4)	 -0.014(3)	 0.019(3)	 -0.010(3)	
N2	 0.045(4)	 0.030(4)	 0.039(4)	 -0.009(3)	 0.019(3)	 -0.005(3)	
N5	 0.043(4)	 0.028(3)	 0.032(4)	 -0.009(3)	 0.020(3)	 -0.006(3)	
F00E	 0.131(7)	 0.109(6)	 0.051(4)	 -0.010(4)	 0.040(5)	 -0.075(6)	
N6	 0.049(5)	 0.048(5)	 0.037(4)	 -0.011(3)	 0.020(4)	 -0.014(4)	
F00G	 0.061(4)	 0.186(10)	 0.067(5)	 0.056(6)	 0.019(4)	 -0.036(5)	
N00H	 0.047(4)	 0.032(4)	 0.039(4)	 0.004(3)	 0.019(4)	 0.005(3)	
N1	 0.046(4)	 0.039(4)	 0.047(4)	 -0.001(3)	 0.023(4)	 -0.009(3)	
N00J	 0.044(4)	 0.031(4)	 0.049(5)	 0.013(3)	 0.021(4)	 0.016(3)	
F00K	 0.131(8)	 0.156(10)	 0.046(4)	 0.021(5)	 0.007(5)	 0.054(7)	
N00L	 0.042(4)	 0.068(6)	 0.032(4)	 0.000(4)	 0.012(3)	 0.018(4)	
F00M	 0.184(10)	 0.053(4)	 0.083(5)	 -0.009(4)	 0.077(6)	 -0.012(5)	
F00N	 0.189(11)	 0.068(5)	 0.096(6)	 -0.021(5)	 0.090(7)	 -0.028(6)	




	 U11	 U22	 U33	 U23	 U13	 U12	
F00P	 0.158(9)	 0.067(5)	 0.096(6)	 -0.002(5)	 0.057(6)	 0.018(6)	
C00Q	 0.050(5)	 0.040(5)	 0.037(5)	 -0.013(4)	 0.022(4)	 -0.008(4)	
F00R	 0.105(7)	 0.198(12)	 0.093(7)	 0.094(8)	 0.041(6)	 0.057(8)	
N00S	 0.028(4)	 0.124(10)	 0.038(5)	 0.033(5)	 0.002(4)	 0.003(5)	
C00T	 0.038(5)	 0.053(6)	 0.046(6)	 -0.013(4)	 0.010(4)	 0.001(4)	
C00U	 0.066(7)	 0.047(6)	 0.058(6)	 -0.003(5)	 0.044(6)	 -0.011(5)	
C00V	 0.054(6)	 0.038(5)	 0.051(6)	 -0.009(4)	 0.013(5)	 0.002(4)	
N0W	 0.068(6)	 0.062(6)	 0.077(7)	 0.022(5)	 0.044(6)	 -0.002(5)	
N00X	 0.043(5)	 0.076(7)	 0.145(11)	 0.072(8)	 0.048(6)	 0.031(5)	
C00Y	 0.050(5)	 0.038(5)	 0.040(5)	 -0.013(4)	 0.019(4)	 -0.007(4)	
C00Z	 0.051(5)	 0.034(5)	 0.039(5)	 -0.010(4)	 0.017(4)	 -0.002(4)	
C010	 0.047(5)	 0.034(5)	 0.046(5)	 0.003(4)	 0.017(4)	 0.002(4)	
C011	 0.053(5)	 0.032(4)	 0.048(5)	 -0.012(4)	 0.032(5)	 -0.003(4)	
C012	 0.056(6)	 0.032(5)	 0.065(6)	 -0.019(4)	 0.037(5)	 -0.014(4)	
N1A	 0.080(7)	 0.099(9)	 0.037(5)	 -0.029(5)	 0.016(5)	 -0.006(6)	
C013	 0.055(6)	 0.038(5)	 0.053(6)	 -0.013(4)	 0.026(5)	 -0.005(4)	
C014	 0.047(5)	 0.046(5)	 0.053(6)	 -0.013(4)	 0.029(5)	 -0.011(4)	
F015	 0.089(7)	 0.094(7)	 0.321(19)	 0.038(9)	 0.118(10)	 0.030(6)	
F016	 0.209(12)	 0.177(11)	 0.049(5)	 0.036(5)	 -0.026(6)	 -0.157(10)	
C017	 0.044(5)	 0.029(4)	 0.068(7)	 0.015(4)	 0.023(5)	 0.014(4)	
C018	 0.052(6)	 0.058(6)	 0.050(6)	 0.012(5)	 0.031(5)	 0.000(5)	
C019	 0.080(7)	 0.034(5)	 0.052(6)	 0.016(4)	 0.038(6)	 0.026(5)	
F01B	 0.283(18)	 0.141(10)	 0.068(6)	 -0.040(6)	 0.039(8)	 -0.144(11)	
C01C	 0.038(5)	 0.044(5)	 0.062(6)	 -0.015(5)	 0.027(5)	 -0.013(4)	
C01D	 0.078(8)	 0.053(6)	 0.042(6)	 0.001(5)	 0.021(6)	 0.014(6)	
F01E	 0.35(2)	 0.229(14)	 0.167(11)	 -0.160(11)	 0.202(14)	 -0.251(16)	
C01F	 0.041(5)	 0.045(5)	 0.040(5)	 0.002(4)	 0.013(4)	 0.002(4)	
F01G	 0.299(17)	 0.039(4)	 0.297(18)	 0.053(7)	 0.245(16)	 0.034(7)	
C01H	 0.058(6)	 0.041(5)	 0.047(6)	 -0.011(4)	 0.024(5)	 0.005(4)	
C01I	 0.052(6)	 0.051(6)	 0.074(7)	 -0.018(5)	 0.038(6)	 -0.009(5)	
C01J	 0.054(6)	 0.043(5)	 0.054(6)	 -0.006(5)	 0.013(5)	 0.011(5)	
C01K	 0.107(10)	 0.044(6)	 0.031(5)	 -0.001(4)	 0.009(6)	 -0.024(6)	
C01L	 0.082(8)	 0.051(6)	 0.031(5)	 0.007(4)	 0.016(5)	 0.026(6)	
C01M	 0.068(7)	 0.041(5)	 0.045(6)	 0.006(4)	 0.026(5)	 0.005(5)	




	 U11	 U22	 U33	 U23	 U13	 U12	
C1O	 0.046(5)	 0.034(5)	 0.072(7)	 -0.003(5)	 0.025(5)	 -0.013(4)	
N1P	 0.131(11)	 0.072(7)	 0.045(6)	 -0.024(5)	 0.040(6)	 -0.037(7)	
C01Q	 0.057(7)	 0.059(7)	 0.071(7)	 -0.012(6)	 0.034(6)	 0.007(5)	
F01R	 0.43(3)	 0.149(12)	 0.64(4)	 0.172(18)	 0.50(3)	 0.155(15)	
C01S	 0.134(14)	 0.059(8)	 0.050(7)	 0.017(6)	 -0.037(8)	 -0.044(9)	
C01T	 0.101(10)	 0.035(5)	 0.067(7)	 0.015(5)	 0.050(7)	 0.021(6)	
C01U	 0.110(10)	 0.047(6)	 0.072(8)	 0.006(6)	 0.061(8)	 0.018(6)	
C01V	 0.051(6)	 0.065(7)	 0.044(6)	 -0.025(5)	 0.017(5)	 -0.007(5)	
C1W	 0.058(7)	 0.042(6)	 0.096(10)	 0.013(6)	 0.033(7)	 -0.010(5)	
C1X	 0.055(6)	 0.071(8)	 0.038(5)	 0.008(5)	 0.012(5)	 -0.012(5)	
C01Y	 0.095(9)	 0.050(6)	 0.037(6)	 -0.006(5)	 0.011(6)	 -0.011(6)	
F01Z	 0.43(3)	 0.32(2)	 0.136(11)	 0.143(14)	 0.189(16)	 0.31(2)	
C020	 0.124(12)	 0.029(5)	 0.105(11)	 0.022(6)	 0.084(10)	 0.017(6)	
F021	 0.55(3)	 0.276(18)	 0.31(2)	 -0.248(17)	 0.40(2)	 -0.31(2)	
F023	 0.163(12)	 0.242(17)	 0.081(7)	 0.007(9)	 0.051(8)	 0.049(12)	
C24	 0.108(11)	 0.069(8)	 0.044(7)	 -0.017(6)	 0.004(7)	 -0.006(8)	
C025	 0.143(13)	 0.040(6)	 0.048(6)	 -0.006(5)	 0.051(8)	 0.001(7)	
C028	 0.094(11)	 0.072(9)	 0.071(9)	 0.025(7)	 -0.002(8)	 -0.007(8)	
F02C	 0.76(4)	 0.070(7)	 0.56(3)	 -0.136(13)	 0.63(4)	 -0.158(15)	
C02H	 0.110(14)	 0.38(4)	 0.084(12)	 0.102(19)	 0.018(11)	 -0.12(2)	
F02I	 0.210(16)	 0.39(3)	 0.091(8)	 0.096(12)	 0.093(10)	 0.150(17)	
C02J	 0.26(3)	 0.049(7)	 0.079(10)	 0.013(7)	 0.110(15)	 0.038(11)	
N2M	 0.25(3)	 0.088(11)	 0.37(4)	 0.084(17)	 0.25(3)	 0.026(14)	
F02N	 0.076(7)	 0.69(5)	 0.072(7)	 0.045(14)	 0.024(6)	 0.129(15)	
C02O	 0.081(11)	 0.128(15)	 0.089(11)	 0.015(11)	 0.027(9)	 0.022(10)	
F02P	 0.106(9)	 0.175(13)	 0.173(13)	 0.033(11)	 0.024(9)	 -0.040(9)	
C02Q	 0.037(8)	 0.57(6)	 0.081(12)	 0.15(2)	 0.020(8)	 0.027(17)	
C02R	 0.028(8)	 0.37(5)	 0.46(6)	 -0.31(5)	 0.012(17)	 -0.034(16)	
C02S	 0.072(11)	 0.027(7)	 0.62(6)	 -0.017(16)	 0.16(2)	 0.006(7)	
C2V	 0.21(3)	 0.68(8)	 0.050(11)	 -0.03(2)	 0.048(15)	 -0.28(4)	
F2	 0.102(9)	 0.148(12)	 0.30(2)	 0.026(14)	 0.083(12)	 0.006(8)	
F6	 0.217(18)	 0.190(16)	 0.205(17)	 0.038(13)	 -0.060(14)	 -0.127(14)	







	 x/a	 y/b	 z/c	 U(eq)	
H00O	 0.0646	 0.1824	 0.3240	 0.045	
H00T	 0.0046	 0.2762	 0.3335	 0.058	
H00A	 0.3038	 0.1939	 0.1831	 0.061	
H00B	 0.2684	 0.2622	 0.1855	 0.061	
H00V	 -0.0214	 0.1248	 0.0528	 0.061	
H0W	 0.0868	 0.0094	 0.4313	 0.078	
H00Y	 0.0587	 0.1009	 0.1801	 0.051	
H00Z	 0.2646	 0.0008	 0.2717	 0.05	
H010	 0.9246	 0.2963	 0.6911	 0.052	
H01A	 0.2908	 0.3067	 0.2900	 0.057	
H01B	 0.3245	 0.2734	 0.3724	 0.057	
H01C	 0.3680	 0.1815	 0.5931	 0.09	
H013	 0.1887	 0.3694	 0.3138	 0.057	
H017	 0.9306	 0.4550	 0.6824	 0.057	
H018	 0.1607	 0.1024	 0.4334	 0.06	
H01D	 0.4029	 0.1932	 0.3754	 0.055	
H01E	 0.4131	 0.2116	 0.2988	 0.055	
H01F	 0.0285	 0.1953	 -0.0120	 0.071	
H01G	 0.8573	 0.2886	 0.7740	 0.052	
H01H	 0.3705	 -0.0485	 0.2561	 0.057	
H01I	 0.4899	 0.1149	 0.2966	 0.066	
H01J	 0.0677	 0.3709	 0.3290	 0.065	
H01K	 0.6698	 0.4623	 0.4588	 0.069	
H01L	 0.7074	 0.4175	 0.4153	 0.069	
H01M	 0.1543	 0.2397	 0.0545	 0.06	
H01N	 0.9932	 0.5234	 0.6321	 0.072	
H1O	 0.1268	 0.0060	 0.2465	 0.061	
H1P	 0.9275	 0.4422	 0.8937	 0.098	
H01Q	 0.4848	 0.0079	 0.2712	 0.072	







	 x/a	 y/b	 z/c	 U(eq)	
H01S	 0.6665	 0.2851	 0.4661	 0.128	
H01T	 0.8029	 0.5058	 0.4258	 0.075	
H01U	 0.9818	 0.2166	 0.6491	 0.082	
H01V	 0.2833	 0.2227	 0.4703	 0.065	
H1W	 0.0671	 -0.0548	 0.3180	 0.078	
H1X	 0.9366	 0.3285	 0.9062	 0.069	
H01Y	 0.3528	 0.0524	 0.4424	 0.08	
H020	 0.9297	 0.5521	 0.5059	 0.089	
H24	 0.4119	 0.0740	 0.5826	 0.099	
H025	 0.8534	 0.4727	 0.7636	 0.088	
H028	 0.7356	 0.2462	 0.7013	 0.11	
H02H	 0.6125	 0.2364	 0.7207	 0.24	
H02J	 0.9152	 0.1791	 0.5243	 0.139	
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Table	 SC1.	 Fractional	 atomic	 coordinates	 (×104)	 and	 equivalent	 isotropic	 displacement	
parameters	(Å2×103)	for	4.	Ueq	is	defined	as	1/3	of	of	the	trace	of	the	orthogonalised	U	tensor.	
	
Atom	 x	 y	 z	 U(eq)	
Ru1	 6958.4(2)	 3042.9(2)	 1495.0(2)	 13.44(10)	
P1	 8922.7(9)	 623.4(6)	 879.9(5)	 35.9(3)	
P2	 0	 5739.7(6)	 2500	 20.4(2)	
F10	 915(7)	 4096(5)	 -134(4)	 177(3)	
F1	 8284(3)	 -70.4(18)	 800.7(17)	 59.8(9)	
F2	 9676(2)	 147(2)	 1270(2)	 94.5(18)	
F3	 9566(2)	 1311.9(16)	 983.2(13)	 46.8(7)	
C27	 6742(2)	 5216.9(18)	 2052.7(17)	 24.9(6)	
F4	 8109(4)	 1085(2)	 484(3)	 138(3)	
F5	 8600(3)	 826(3)	 1446(2)	 100.7(19)	
F6	 9167(5)	 418(2)	 274(2)	 116(2)	
F12	 2112(10)	 2888(9)	 518(7)	 253(6)	
F7	 -163.2(17)	 5123.5(13)	 1995.0(14)	 41.4(7)	
F9	 168.2(15)	 6335.8(13)	 3008.5(11)	 30.6(5)	
F8	 1041.8(14)	 5737.1(13)	 2532.1(12)	 29.4(5)	
F11	 524(9)	 3023(6)	 -158(5)	 206(5)	
N3	 7300.1(16)	 4096.9(14)	 1694.2(11)	 14.9(4)	
N5	 8106.9(17)	 2833.5(14)	 2150.5(11)	 16.4(4)	
N4	 7722.5(17)	 3246.3(16)	 898.3(12)	 17.2(4)	
N2	 6400.6(17)	 3198.1(16)	 2208.9(12)	 17.7(5)	
N1	 6650.7(19)	 1977.5(14)	 1323.6(12)	 17.5(5)	
N6	 5795.0(18)	 3294.0(16)	 868.6(12)	 19.2(5)	
P3	 1481.4(17)	 3427.0(14)	 86.0(12)	 82.8(6)	
C1	 8187(2)	 4143.8(16)	 2156.2(14)	 17.7(5)	
F13	 1420(9)	 3778(8)	 741(6)	 253(5)	
C2	 8520.8(19)	 3426.4(16)	 2435.3(14)	 17.1(5)	
C3	 8437(2)	 2175.8(18)	 2351.9(17)	 25.6(7)	
C4	 9147(3)	 2109(2)	 2857(2)	 37.5(11)	




C6	 9239(3)	 3382(2)	 2944.2(18)	 32.6(9)	
C7	 6558(2)	 4422.7(18)	 1904.6(15)	 19.2(5)	
C8	 6875(3)	 5607(2)	 1505.4(18)	 30.2(8)	
C9	 7546(2)	 5240.5(18)	 1206.4(16)	 23.7(6)	
C10	 7321(2)	 4446.6(16)	 1117.4(14)	 17.7(5)	
C11	 7896(2)	 3964.0(17)	 849.9(13)	 17.7(5)	
C12	 8164(2)	 2763(2)	 650.0(14)	 20.5(6)	
C13	 8804(2)	 2980(2)	 367.5(17)	 26.5(7)	
C14	 8999(2)	 3700(2)	 340.8(17)	 29.6(8)	
C15	 8544(2)	 4199(2)	 585.0(15)	 24.8(6)	
C16	 6387(2)	 3902.0(18)	 2364.3(15)	 21.0(6)	
C17	 6238(2)	 2692(2)	 2589.6(15)	 24.4(6)	
C18	 6038(3)	 2867(3)	 3121.2(19)	 35.4(9)	
C19	 6017(3)	 3591(3)	 3273(2)	 40.6(10)	
C20	 6198(3)	 4113(2)	 2893.9(18)	 33.3(8)	
C21	 6472(2)	 1386.6(19)	 1235.2(14)	 21.8(6)	
C22	 6256(3)	 624(2)	 1125.1(19)	 36.6(9)	
C23	 5147(2)	 3438.2(18)	 515.7(14)	 19.7(5)	
C24	 4324(2)	 3639(2)	 71.5(17)	 29.7(7)	
F14	 1525(9)	 3020(6)	 -447(6)	 222(6)	
F15	 2408(7)	 3817(6)	 159(5)	 201(4)	
	 	 	 	 	
Table	SC2.	Anisotropic	displacement	parameters	 (Å2×103)	 for	4.	The	anisotropic	displacement	
factor	exponent	takes	the	form:	-2π2[h2a*2U11+2hka*b*U12+…].	
Atom	 U11	 U22	 U33	 U23	 U13	 U12	
Ru1	 11.77(14)	 15.67(14)	 11.84(14)	 -0.14(6)	 1.50(9)	 -1.40(6)	
P1	 52.6(7)	 31.0(5)	 22.5(4)	 5.6(4)	 7.6(4)	 20.6(5)	
P2	 17.4(5)	 13.2(5)	 30.4(6)	 0	 6.4(4)	 0	
F1	 66(2)	 41.3(17)	 74(2)	 7.7(16)	 23.7(18)	 14.7(15)	
F2	 31.7(15)	 91(3)	 148(4)	 80(3)	 3(2)	 18.2(17)	
F3	 65.8(19)	 35.9(14)	 37.8(14)	 -1.8(11)	 12.5(14)	 9.6(13)	
C27	 25.2(15)	 18.7(13)	 29.6(16)	 -2.6(12)	 5.4(13)	 5.4(11)	
F4	 150(5)	 34.4(19)	 143(5)	 -6(2)	 -107(4)	 15(2)	
F5	 80(3)	 144(5)	 98(4)	 -66(3)	 60(3)	 -21(3)	
F6	 259(7)	 45(2)	 84(3)	 -25(2)	 118(4)	 -48(3)	




F9	 28.9(11)	 28.9(11)	 31.0(11)	 -5.0(9)	 3.4(9)	 -3.1(9)	
F8	 18.7(9)	 29.7(11)	 40.2(13)	 10.2(9)	 8.8(9)	 -0.9(8)	
N3	 14.9(10)	 14.7(10)	 12.6(10)	 -0.2(8)	 -0.6(8)	 0.1(8)	
N5	 18.0(11)	 14.3(10)	 14.6(10)	 2.7(8)	 0.6(8)	 -1.6(9)	
N4	 14.2(10)	 23.2(12)	 13.5(10)	 -0.5(9)	 2.6(8)	 -1.7(9)	
N2	 14.5(10)	 23.3(12)	 15.8(11)	 -1.3(9)	 4.9(9)	 -2.6(9)	
N1	 17.3(12)	 21.1(12)	 13.3(11)	 -1.8(8)	 3.0(9)	 -3.0(8)	
N6	 16.5(11)	 23.3(13)	 16.7(11)	 -3.3(9)	 2.6(9)	 -2.2(9)	
C1	 16.4(12)	 15.8(12)	 17.3(12)	 1.9(10)	 -1.4(10)	 -0.1(9)	
C2	 15.0(11)	 15.9(12)	 17.2(12)	 2.6(9)	 -1.1(9)	 -3.9(9)	
C3	 24.6(15)	 14.7(13)	 30.1(17)	 5.1(12)	 -4.9(13)	 -3.0(11)	
C4	 27.8(18)	 22.9(16)	 45(2)	 13.1(16)	 -17.6(17)	 -5.8(14)	
C5	 45(2)	 22.0(17)	 46(2)	 9.9(16)	 -29(2)	 -6.4(16)	
C6	 32.4(18)	 19.8(15)	 32.0(18)	 7.3(13)	 -13.9(15)	 -7.7(13)	
C7	 13.8(11)	 22.3(14)	 19.9(13)	 -2.3(11)	 2.1(10)	 2.9(10)	
C8	 34.5(19)	 17.2(15)	 36(2)	 5.8(12)	 5.2(16)	 8.6(12)	
C9	 24.6(14)	 17.0(13)	 26.3(15)	 5.7(11)	 1.4(12)	 0.0(11)	
C10	 18.0(12)	 16.5(12)	 16.7(12)	 5.6(10)	 1.8(10)	 -0.2(10)	
C11	 16.1(12)	 22.0(13)	 13.2(11)	 1.2(10)	 1.2(9)	 -2.1(10)	
C12	 14.4(12)	 30.5(16)	 14.3(12)	 -1.3(11)	 0.3(10)	 2.2(11)	
C13	 19.8(15)	 42(2)	 18.0(15)	 -1.5(13)	 5.5(12)	 3.6(13)	
C14	 22.7(15)	 46(2)	 21.6(15)	 3.0(14)	 8.1(12)	 -5.3(15)	
C15	 22.8(14)	 33.1(17)	 19.3(14)	 3.7(12)	 6.9(11)	 -6.3(12)	
C16	 20.5(13)	 25.7(15)	 17.2(13)	 -2.1(11)	 5.7(10)	 -0.2(11)	
C17	 27.9(16)	 28.0(16)	 17.9(13)	 -2.8(12)	 7.5(12)	 -9.7(12)	
C18	 40(2)	 47(2)	 24.3(17)	 -5.3(16)	 16.4(16)	 -17.0(19)	
C19	 56(3)	 45(2)	 28.5(19)	 -10.0(18)	 25.4(19)	 -7(2)	
C20	 45(2)	 32.6(19)	 27.0(17)	 -8.8(15)	 17.2(16)	 -0.4(16)	
C21	 25.0(14)	 23.5(14)	 16.2(12)	 -0.9(11)	 4.7(11)	 -5.7(11)	
C22	 58(3)	 22.8(16)	 29.0(18)	 -1.9(14)	 12.2(18)	 -16.4(17)	
C23	 17.1(12)	 22.7(13)	 17.8(13)	 -0.6(11)	 2.3(10)	 1(1)	
C24	 21.8(15)	 31.7(18)	 27.3(17)	 -0.7(14)	 -7.4(13)	 6.4(13)	
	
Table	SC3.	Bond	lengths	for	4.	
Atom	 Atom	 Length/Å	 		Atom	 Atom	 Length/Å	




Ru1	 N5	 2.042(3)	 		N4	 C12	 1.352(4)	
Ru1	 N4	 2.090(3)	 		N2	 C16	 1.357(4)	
Ru1	 N2	 2.086(3)	 		N2	 C17	 1.357(4)	
Ru1	 N1	 2.048(3)	 		N1	 C21	 1.137(4)	
Ru1	 N6	 2.041(3)	 		N6	 C23	 1.144(4)	
P1	 F1	 1.608(4)	 		P3	 F13	 1.675(14)	
P1	 F2	 1.548(3)	 		P3	 F14	 1.463(13)	
P1	 F3	 1.602(4)	 		P3	 F15	 1.585(11)	
P1	 F4	 1.596(4)	 		C1	 C2	 1.509(4)	
P1	 F5	 1.572(4)	 		C2	 C6	 1.387(4)	
P1	 F6	 1.594(4)	 		C3	 C4	 1.377(5)	
P2	 F7	 1.604(3)	 		C4	 C5	 1.378(6)	
P2	 F71	 1.604(3)	 		C5	 C6	 1.381(5)	
P2	 F91	 1.583(2)	 		C7	 C16	 1.513(5)	
P2	 F9	 1.583(3)	 		C8	 C9	 1.559(6)	
P2	 F81	 1.607(2)	 		C9	 C10	 1.516(5)	
P2	 F8	 1.607(2)	 		C10	 C11	 1.514(5)	
F10	 P3	 1.528(10)	 		C11	 C15	 1.388(4)	
C27	 C7	 1.523(5)	 		C12	 C13	 1.395(5)	
C27	 C8	 1.521(5)	 		C13	 C14	 1.377(6)	
F12	 P3	 1.558(15)	 		C14	 C15	 1.378(6)	
F11	 P3	 1.628(13)	 		C16	 C20	 1.393(5)	
N3	 C1	 1.500(4)	 		C17	 C18	 1.387(5)	
N3	 C7	 1.501(4)	 		C18	 C19	 1.393(7)	
N3	 C10	 1.492(4)	 		C19	 C20	 1.387(6)	
N5	 C2	 1.352(4)	 		C21	 C22	 1.462(5)	
N5	 C3	 1.357(4)	 		C23	 C24	 1.456(5)	
	
Table	SC4.	Bond	angles	for	4.	
Atom	 Atom	 Atom	 Angle/˚	 		Atom	 Atom	 Atom	 Angle/˚	
N3	 Ru1	 N4	 79.35(11)	 		C11	 N4	 Ru1	 113.0(2)	
N3	 Ru1	 N2	 80.19(11)	 		C12	 N4	 Ru1	 127.6(2)	
N3	 Ru1	 N1	 177.92(10)	 		C12	 N4	 C11	 118.4(3)	
N5	 Ru1	 N3	 83.89(10)	 		C16	 N2	 Ru1	 112.5(2)	
N5	 Ru1	 N4	 88.89(10)	 		C16	 N2	 C17	 118.4(3)	




N5	 Ru1	 N1	 94.08(11)	 		C21	 N1	 Ru1	 178.9(3)	
N2	 Ru1	 N4	 159.13(12)	 		C23	 N6	 Ru1	 179.5(3)	
N1	 Ru1	 N4	 101.11(11)	 		F10	 P3	 F12	 160.2(7)	
N1	 Ru1	 N2	 99.20(11)	 		F10	 P3	 F11	 82.4(5)	
N6	 Ru1	 N3	 93.87(11)	 		F10	 P3	 F13	 79.2(5)	
N6	 Ru1	 N5	 176.94(11)	 		F10	 P3	 F15	 95.2(5)	
N6	 Ru1	 N4	 92.75(11)	 		F12	 P3	 F11	 106.5(7)	
N6	 Ru1	 N2	 92.68(11)	 		F12	 P3	 F13	 81.6(7)	
N6	 Ru1	 N1	 88.15(11)	 		F12	 P3	 F15	 80.1(7)	
F2	 P1	 F1	 87.5(2)	 		F11	 P3	 F13	 102.6(7)	
F2	 P1	 F3	 91.4(2)	 		F14	 P3	 F10	 107.2(6)	
F2	 P1	 F4	 177.0(3)	 		F14	 P3	 F12	 92.4(7)	
F2	 P1	 F5	 91.0(3)	 		F14	 P3	 F11	 73.7(6)	
F2	 P1	 F6	 92.8(3)	 		F14	 P3	 F13	 171.7(7)	
F3	 P1	 F1	 178.05(19)	 		F14	 P3	 F15	 94.3(7)	
F4	 P1	 F1	 89.7(2)	 		F15	 P3	 F11	 166.3(6)	
F4	 P1	 F3	 91.4(2)	 		F15	 P3	 F13	 90.2(6)	
F5	 P1	 F1	 87.5(3)	 		N3	 C1	 C2	 113.3(2)	
F5	 P1	 F3	 90.9(2)	 		N5	 C2	 C1	 116.6(2)	
F5	 P1	 F4	 87.9(4)	 		N5	 C2	 C6	 122.1(3)	
F5	 P1	 F6	 175.3(3)	 		C6	 C2	 C1	 121.3(3)	
F6	 P1	 F1	 89.9(2)	 		N5	 C3	 C4	 120.9(3)	
F6	 P1	 F3	 91.8(2)	 		C3	 C4	 C5	 120.6(4)	
F6	 P1	 F4	 88.2(4)	 		C4	 C5	 C6	 118.7(3)	
F71	 P2	 F7	 89.0(2)	 		C5	 C6	 C2	 119.0(3)	
F71	 P2	 F81	 89.31(13)	 		N3	 C7	 C27	 110.4(3)	
F7	 P2	 F8	 89.31(13)	 		N3	 C7	 C16	 105.7(2)	
F7	 P2	 F81	 90.43(12)	 		C16	 C7	 C27	 121.3(3)	
F71	 P2	 F8	 90.44(12)	 		C27	 C8	 C9	 115.0(3)	
F9	 P2	 F7	 178.84(16)	 		C10	 C9	 C8	 109.0(3)	
F91	 P2	 F71	 178.84(16)	 		N3	 C10	 C9	 111.3(3)	
F91	 P2	 F7	 89.84(15)	 		N3	 C10	 C11	 105.6(2)	
F9	 P2	 F71	 89.84(15)	 		C11	 C10	 C9	 119.4(3)	
F9	 P2	 F91	 91.30(19)	 		N4	 C11	 C10	 113.0(3)	
F9	 P2	 F81	 89.77(12)	 		N4	 C11	 C15	 121.7(3)	




F91	 P2	 F8	 89.77(12)	 		N4	 C12	 C13	 121.4(3)	
F91	 P2	 F81	 90.47(13)	 		C14	 C13	 C12	 119.8(3)	
F81	 P2	 F8	 179.65(18)	 		C13	 C14	 C15	 119.3(3)	
C8	 C27	 C7	 109.5(3)	 		C14	 C15	 C11	 119.3(3)	
C1	 N3	 Ru1	 110.37(18)	 		N2	 C16	 C7	 114.3(3)	
C1	 N3	 C7	 112.9(2)	 		N2	 C16	 C20	 121.8(3)	
C7	 N3	 Ru1	 106.35(18)	 		C20	 C16	 C7	 123.9(3)	
C10	 N3	 Ru1	 106.46(18)	 		N2	 C17	 C18	 122.7(4)	
C10	 N3	 C1	 111.6(2)	 		C17	 C18	 C19	 118.4(4)	
C10	 N3	 C7	 108.8(2)	 		C20	 C19	 C18	 119.5(4)	
C2	 N5	 Ru1	 114.3(2)	 		C19	 C20	 C16	 119.2(4)	
C2	 N5	 C3	 118.7(3)	 		N1	 C21	 C22	 179.1(4)	




Atom	 x	 y	 z	 U(eq)	
H27A	 6234	 5433	 2170	 30	
H27B	 7282	 5268	 2395	 30	
H1A	 8137	 4480	 2478	 21	
H1B	 8629	 4346	 1965	 21	
H3	 8174	 1756	 2142	 31	
H4	 9355	 1643	 3000	 45	
H5	 10049	 2665	 3505	 55	
H6	 9509	 3806	 3143	 39	
H7	 6016	 4406	 1553	 23	
H8A	 7087	 6101	 1626	 36	
H8B	 6291	 5647	 1201	 36	
H9A	 7507	 5470	 814	 28	
H9B	 8162	 5300	 1467	 28	
H10	 6703	 4417	 844	 21	
H12	 8036	 2264	 668	 25	
H13	 9105	 2632	 194	 32	
H14	 9442	 3852	 156	 35	
H15	 8672	 4698	 572	 30	
H17	 6262	 2199	 2488	 29	




H19	 5880	 3727	 3634	 49	
H20	 6193	 4609	 2994	 40	
H22A	 6798	 356	 1126	 55	
H22B	 5817	 567	 733	 55	
H22C	 6009	 436	 1442	 55	
H24A	 4225	 4158	 96	 45	
H24B	 3824	 3376	 151	 45	
H24C	 4368	 3518	 -332	 45	
	
For	complex	5,	
Table	 SC6.	 Fractional	 atomic	 coordinates	 (×104)	 and	 equivalent	 isotropic	 displacement	
parameters	(Å2×103)	for	5.	Ueq	is	defined	as	1/3	of	of	the	trace	of	the	orthogonalised	U	tensor.	
Atom	 x	 y	 z	 U(eq)	
Ru1	 1876.2(2)	 7755.6(2)	 10065.6(2)	 10.58(2)	
P1	 565.1(2)	 4049.7(2)	 7961.2(2)	 16.37(4)	
P2	 1268.0(3)	 1662.9(3)	 1970.4(2)	 28.31(6)	
F1	 -375.9(5)	 4126.6(6)	 7503.1(5)	 28.72(15)	
F2	 1028.6(5)	 4623.2(6)	 7298.0(4)	 23.70(13)	
F3	 1522.0(5)	 3962.9(7)	 8412.2(4)	 30.34(16)	
F4	 122.0(6)	 3461.6(7)	 8618.4(4)	 31.86(17)	
F5	 746.2(5)	 2946.5(5)	 7573.3(4)	 23.36(12)	
F6	 412.8(6)	 5151.2(7)	 8339.4(5)	 36.5(2)	
F7	 598.1(7)	 1430.0(11)	 1267.8(6)	 50.4(3)	
F8	 1915.4(8)	 2226.4(10)	 1437.0(8)	 57.7(3)	
F9	 741.7(12)	 2713.3(10)	 2078.2(8)	 66.6(4)	
F10	 1919.1(13)	 1911.2(12)	 2671.7(7)	 81.5(5)	
F11	 625.4(13)	 1070.2(13)	 2484.4(8)	 84.9(5)	
F12	 1781.2(9)	 602.5(8)	 1835.6(7)	 53.1(3)	
N0AA	 10240.8(7)	 10763.9(9)	 6246.4(8)	 31.6(2)	
N3	 2299.0(5)	 7582.8(6)	 9031.3(4)	 10.62(10)	
N2	 1462.4(5)	 9181.1(6)	 9619.6(4)	 13.30(11)	
N4	 2391.2(5)	 6263.7(6)	 10170.0(4)	 14.00(12)	
N5	 3136.7(5)	 8311.6(6)	 10307.5(4)	 12.10(11)	
N1	 1509.5(6)	 7978.5(7)	 11111.9(4)	 16.31(13)	
N6	 670.3(5)	 7080.7(6)	 9811.8(4)	 13.56(12)	




C2	 10086.8(7)	 9911.6(9)	 6099.5(7)	 23.82(19)	
C3	 2213.3(6)	 6451.0(7)	 8838.5(5)	 12.31(12)	
C4	 2522.2(6)	 6248.5(7)	 8067.6(5)	 15.84(14)	
C5	 1969.7(7)	 6939.2(8)	 7505.9(5)	 17.61(15)	
C6	 1907.8(6)	 8097.7(8)	 7723.9(5)	 15.24(14)	
C7	 1646.2(5)	 8170.8(7)	 8519.0(4)	 12.01(12)	
C8	 1486.4(6)	 9215.3(7)	 8867.5(5)	 13.80(13)	
C9	 1231.4(7)	 10044.1(8)	 9978.6(6)	 18.12(15)	
C10	 1017.7(8)	 10967.8(8)	 9608.5(7)	 24.1(2)	
C11	 1056.6(8)	 11010.7(9)	 8849.1(7)	 25.4(2)	
C12	 1296.9(7)	 10119.8(8)	 8472.2(6)	 20.00(16)	
C13	 2561.3(6)	 5827.7(7)	 9508.4(5)	 13.97(13)	
C14	 2578.0(7)	 5715.7(9)	 10796.8(6)	 19.49(16)	
C15	 2930.6(8)	 4719.7(9)	 10788.7(7)	 24.5(2)	
C16	 3110.9(7)	 4274.8(9)	 10120.2(7)	 24.07(19)	
C17	 2924.4(6)	 4838.1(8)	 9470.6(6)	 18.58(16)	
C18	 3236.9(6)	 7981.2(7)	 9004.9(5)	 13.28(13)	
C19	 3667.4(5)	 8260.9(6)	 9752.9(4)	 11.30(12)	
C20	 3483.8(6)	 8622.0(8)	 10996.7(5)	 15.92(14)	
C21	 4357.0(7)	 8872.0(8)	 11137.8(5)	 16.92(15)	
C22	 4944.5(6)	 8798.9(7)	 10565.9(5)	 14.00(13)	
C23	 4593.0(6)	 8482.7(7)	 9850.7(5)	 12.22(12)	
C24	 5169.9(6)	 8394.9(7)	 9267.8(5)	 15.04(13)	
C25	 6062.7(6)	 8606.6(8)	 9400.3(6)	 18.53(15)	
C26	 6414.2(6)	 8914.3(8)	 10113.4(6)	 19.90(16)	
C27	 5868.0(6)	 9016.0(8)	 10683.6(6)	 18.05(15)	
C28	 1331.5(7)	 8122.0(8)	 11708.8(5)	 19.16(16)	
C29	 1138.2(9)	 8320.9(10)	 12468.7(6)	 27.9(2)	
C30	 23.2(6)	 6614.6(7)	 9712.7(5)	 14.99(13)	




Atom	 U11	 U22	 U33	 U23	 U13	 U12	
Ru1	 11.08(3)	 12.34(3)	 8.42(3)	 0.26(2)	 1.32(2)	 -2.44(2)	
P1	 17.72(10)	 17.68(10)	 14.00(9)	 -2.43(8)	 3.09(7)	 -3.99(8)	




F1	 20.2(3)	 29.8(4)	 35.3(4)	 -1.3(3)	 -4.2(3)	 1.1(3)	
F2	 31.3(3)	 20.6(3)	 20.0(3)	 3.3(2)	 7.0(2)	 -4.4(2)	
F3	 22.8(3)	 46.3(5)	 21.1(3)	 2.9(3)	 -4.0(2)	 -8.8(3)	
F4	 34.9(4)	 42.7(4)	 19.2(3)	 -0.3(3)	 10.3(3)	 -16.7(3)	
F5	 29.7(3)	 16.2(3)	 24.6(3)	 -1.4(2)	 4.4(3)	 0.5(2)	
F6	 36.6(4)	 29.1(4)	 45.9(5)	 -22.0(3)	 17.9(4)	 -9.3(3)	
F7	 31.3(4)	 78.8(8)	 39.7(5)	 -20.8(5)	 -6.8(4)	 7.0(5)	
F8	 41.1(6)	 63.1(8)	 68.7(8)	 34.7(6)	 3.0(5)	 -2.4(5)	
F9	 99.5(11)	 45.0(6)	 55.2(7)	 -11.5(5)	 4.2(7)	 29.9(7)	
F10	 122.7(13)	 67.1(8)	 46.1(7)	 -10.9(6)	 -52.2(8)	 2.4(9)	
F11	 122.9(14)	 75.5(10)	 62.9(9)	 22.0(8)	 51.9(9)	 -4.6(10)	
F12	 63.4(7)	 32.5(5)	 61.8(7)	 -0.6(5)	 -7.0(6)	 13.2(5)	
N0AA	 21.9(4)	 27.4(5)	 46.1(6)	 -8.9(4)	 6.3(4)	 -2.9(4)	
N3	 10.1(2)	 12.1(3)	 9.6(2)	 0.6(2)	 0.21(19)	 -1.3(2)	
N2	 12.3(3)	 13.1(3)	 14.8(3)	 -0.7(2)	 3.2(2)	 -1.3(2)	
N4	 13.4(3)	 15.7(3)	 12.6(3)	 3.3(2)	 -1.3(2)	 -2.8(2)	
N5	 13.0(3)	 13.6(3)	 9.7(2)	 -0.1(2)	 0.2(2)	 -2.7(2)	
N1	 17.5(3)	 19.3(3)	 12.4(3)	 -0.9(2)	 2.9(2)	 -4.7(3)	
N6	 13.8(3)	 14.9(3)	 12.1(3)	 0.8(2)	 2.3(2)	 -1.2(2)	
C1	 27.5(5)	 22.4(5)	 37.5(6)	 -5.6(4)	 4.2(5)	 -4.5(4)	
C2	 17.4(4)	 25.1(5)	 29.3(5)	 -3.6(4)	 3.4(4)	 -1.4(3)	
C3	 12.8(3)	 12.1(3)	 11.9(3)	 -0.4(2)	 0.3(2)	 -0.9(2)	
C4	 17.6(4)	 16.6(3)	 13.5(3)	 -3.4(3)	 2.1(3)	 -1.2(3)	
C5	 19.9(4)	 22.0(4)	 10.7(3)	 -2.6(3)	 -0.1(3)	 -2.7(3)	
C6	 15.6(3)	 19.7(4)	 10.2(3)	 2.3(3)	 0.0(2)	 -1.5(3)	
C7	 11.3(3)	 14.2(3)	 10.4(3)	 1.8(2)	 0.1(2)	 -0.9(2)	
C8	 12.9(3)	 13.8(3)	 15.0(3)	 2.6(3)	 2.4(2)	 -0.1(2)	
C9	 17.3(4)	 15.5(3)	 22.3(4)	 -3.4(3)	 6.2(3)	 0.1(3)	
C10	 23.7(5)	 14.7(4)	 34.9(5)	 -1.5(4)	 8.4(4)	 3.1(3)	
C11	 26.6(5)	 15.6(4)	 34.4(6)	 6.0(4)	 5.7(4)	 4.7(3)	
C12	 21.7(4)	 16.2(4)	 22.4(4)	 6.8(3)	 3.8(3)	 2.4(3)	
C13	 12.5(3)	 13.5(3)	 15.7(3)	 2.2(3)	 -0.4(2)	 -0.7(2)	
C14	 18.3(4)	 23.2(4)	 16.3(3)	 7.4(3)	 -2.7(3)	 -2.8(3)	
C15	 20.6(4)	 25.3(5)	 26.8(5)	 13.0(4)	 -4.8(4)	 -0.9(4)	
C16	 18.1(4)	 18.8(4)	 34.8(5)	 8.8(4)	 -1.9(4)	 2.0(3)	




C18	 11.2(3)	 18.9(3)	 9.7(3)	 -0.9(2)	 0.8(2)	 -3.7(3)	
C19	 11.7(3)	 11.6(3)	 10.4(3)	 0.5(2)	 -0.2(2)	 -2.0(2)	
C20	 18.0(4)	 19.3(4)	 10.3(3)	 -1.6(3)	 -0.1(3)	 -5.0(3)	
C21	 18.4(4)	 19.4(4)	 12.5(3)	 -0.9(3)	 -2.4(3)	 -5.6(3)	
C22	 14.0(3)	 13.3(3)	 14.1(3)	 1.6(2)	 -3.2(2)	 -2.8(2)	
C23	 11.2(3)	 12.1(3)	 13.1(3)	 1.2(2)	 -1.2(2)	 -1.9(2)	
C24	 12.1(3)	 16.6(3)	 16.4(3)	 0.7(3)	 1.1(3)	 -1.4(3)	
C25	 12.2(3)	 19.9(4)	 23.6(4)	 0.9(3)	 1.4(3)	 -1.0(3)	
C26	 12.2(3)	 20.1(4)	 26.8(4)	 2.1(3)	 -2.7(3)	 -2.5(3)	
C27	 15.0(3)	 17.7(4)	 20.4(4)	 1.8(3)	 -5.7(3)	 -3.7(3)	
C28	 22.1(4)	 22.7(4)	 13.0(3)	 -2.2(3)	 3.9(3)	 -7.5(3)	
C29	 39.4(6)	 31.9(5)	 13.3(4)	 -6.6(4)	 9.0(4)	 -13.9(5)	
C30	 13.7(3)	 16.4(3)	 15.0(3)	 1.0(3)	 2.6(3)	 -1.5(3)	
C31	 15.1(4)	 23.8(4)	 24.7(4)	 1.5(3)	 1.1(3)	 -7.3(3)	
	
Table	SC8.	Bond	lengths	for	5.	
Atom	 Atom	 Length/Å	 		Atom	 Atom	 Length/Å	
Ru1	 N3	 2.0338(7)	 		N6	 C30	 1.1461(12)	
Ru1	 N2	 2.0773(8)	 		C1	 C2	 1.4561(17)	
Ru1	 N4	 2.0697(8)	 		C3	 C4	 1.5256(12)	
Ru1	 N5	 2.0444(8)	 		C3	 C13	 1.5140(12)	
Ru1	 N1	 2.0318(8)	 		C4	 C5	 1.5452(14)	
Ru1	 N6	 2.0333(8)	 		C5	 C6	 1.5434(14)	
P1	 F1	 1.5910(8)	 		C6	 C7	 1.5229(12)	
P1	 F2	 1.6106(7)	 		C7	 C8	 1.5088(13)	
P1	 F3	 1.6066(8)	 		C8	 C12	 1.3828(13)	
P1	 F4	 1.5960(8)	 		C9	 C10	 1.3882(15)	
P1	 F5	 1.6129(7)	 		C10	 C11	 1.3815(18)	
P1	 F6	 1.5951(8)	 		C11	 C12	 1.3931(16)	
P2	 F7	 1.5925(10)	 		C13	 C17	 1.3867(13)	
P2	 F8	 1.5950(12)	 		C14	 C15	 1.3850(16)	
P2	 F9	 1.5834(12)	 		C15	 C16	 1.3831(19)	
P2	 F10	 1.5782(12)	 		C16	 C17	 1.3916(15)	
P2	 F11	 1.5853(13)	 		C18	 C19	 1.5013(12)	
P2	 F12	 1.5928(11)	 		C19	 C23	 1.4205(12)	




N3	 C3	 1.4977(11)	 		C21	 C22	 1.4134(14)	
N3	 C7	 1.5039(11)	 		C22	 C23	 1.4214(12)	
N3	 C18	 1.5057(11)	 		C22	 C27	 1.4185(13)	
N2	 C8	 1.3654(12)	 		C23	 C24	 1.4196(13)	
N2	 C9	 1.3432(12)	 		C24	 C25	 1.3750(13)	
N4	 C13	 1.3634(12)	 		C25	 C26	 1.4150(15)	
N4	 C14	 1.3471(12)	 		C26	 C27	 1.3726(16)	
N5	 C19	 1.3299(11)	 		C28	 C29	 1.4496(14)	
N5	 C20	 1.3757(11)	 		C30	 C31	 1.4480(13)	
N1	 C28	 1.1472(12)	 				 		 		
	
Table	SC9.	Bond	angles	for	5.	
Atom	 Atom	 Atom	 Angle/˚	 		Atom	 Atom	 Atom	 Angle/˚	
N3	 Ru1	 N2	 80.99(3)	 		C9	 N2	 Ru1	 128.27(7)	
N3	 Ru1	 N4	 80.95(3)	 		C9	 N2	 C8	 118.87(8)	
N3	 Ru1	 N5	 83.51(3)	 		C13	 N4	 Ru1	 113.14(6)	
N4	 Ru1	 N2	 161.87(3)	 		C14	 N4	 Ru1	 127.86(7)	
N5	 Ru1	 N2	 91.30(3)	 		C14	 N4	 C13	 118.99(9)	
N5	 Ru1	 N4	 88.17(3)	 		C19	 N5	 Ru1	 114.89(6)	
N1	 Ru1	 N3	 176.98(3)	 		C19	 N5	 C20	 119.32(8)	
N1	 Ru1	 N2	 98.28(3)	 		C20	 N5	 Ru1	 125.45(6)	
N1	 Ru1	 N4	 99.84(3)	 		C28	 N1	 Ru1	 177.51(8)	
N1	 Ru1	 N5	 93.59(3)	 		C30	 N6	 Ru1	 172.88(8)	
N1	 Ru1	 N6	 88.36(3)	 		N0AA	 C2	 C1	 178.55(14)	
N6	 Ru1	 N3	 94.59(3)	 		N3	 C3	 C4	 110.59(7)	
N6	 Ru1	 N2	 92.89(3)	 		N3	 C3	 C13	 107.89(7)	
N6	 Ru1	 N4	 87.05(3)	 		C13	 C3	 C4	 122.14(8)	
N6	 Ru1	 N5	 175.08(3)	 		C3	 C4	 C5	 108.59(7)	
F1	 P1	 F2	 90.05(4)	 		C6	 C5	 C4	 115.11(7)	
F1	 P1	 F3	 179.04(5)	 		C7	 C6	 C5	 109.02(7)	
F1	 P1	 F4	 90.75(5)	 		N3	 C7	 C6	 110.44(7)	
F1	 P1	 F5	 90.00(4)	 		N3	 C7	 C8	 107.77(7)	
F1	 P1	 F6	 91.04(5)	 		C8	 C7	 C6	 120.69(7)	
F2	 P1	 F5	 88.88(4)	 		N2	 C8	 C7	 113.90(7)	
F3	 P1	 F2	 89.37(4)	 		N2	 C8	 C12	 121.57(9)	




F4	 P1	 F2	 178.73(5)	 		N2	 C9	 C10	 122.01(10)	
F4	 P1	 F3	 89.81(4)	 		C11	 C10	 C9	 119.29(10)	
F4	 P1	 F5	 90.14(4)	 		C10	 C11	 C12	 119.09(10)	
F6	 P1	 F2	 89.92(4)	 		C8	 C12	 C11	 119.14(10)	
F6	 P1	 F3	 89.72(5)	 		N4	 C13	 C3	 114.24(8)	
F6	 P1	 F4	 91.05(5)	 		N4	 C13	 C17	 121.31(9)	
F6	 P1	 F5	 178.41(5)	 		C17	 C13	 C3	 123.99(9)	
F7	 P2	 F8	 88.89(7)	 		N4	 C14	 C15	 121.98(10)	
F7	 P2	 F12	 90.17(6)	 		C16	 C15	 C14	 119.38(10)	
F9	 P2	 F7	 88.00(7)	 		C15	 C16	 C17	 118.98(10)	
F9	 P2	 F8	 91.25(8)	 		C13	 C17	 C16	 119.35(10)	
F9	 P2	 F11	 90.23(9)	 		C19	 C18	 N3	 113.33(7)	
F9	 P2	 F12	 178.11(7)	 		N5	 C19	 C18	 116.70(7)	
F10	 P2	 F7	 178.86(8)	 		N5	 C19	 C23	 122.30(7)	
F10	 P2	 F8	 91.40(9)	 		C23	 C19	 C18	 120.98(7)	
F10	 P2	 F9	 90.90(9)	 		C21	 C20	 N5	 122.44(8)	
F10	 P2	 F11	 89.69(10)	 		C20	 C21	 C22	 119.69(8)	
F10	 P2	 F12	 90.94(8)	 		C21	 C22	 C23	 118.38(8)	
F11	 P2	 F7	 90.05(9)	 		C21	 C22	 C27	 122.41(8)	
F11	 P2	 F8	 178.15(9)	 		C27	 C22	 C23	 119.21(8)	
F11	 P2	 F12	 90.20(8)	 		C19	 C23	 C22	 117.82(8)	
F12	 P2	 F8	 88.28(7)	 		C24	 C23	 C19	 122.65(8)	
C3	 N3	 Ru1	 107.03(5)	 		C24	 C23	 C22	 119.53(8)	
C3	 N3	 C7	 107.58(6)	 		C25	 C24	 C23	 119.88(9)	
C3	 N3	 C18	 112.77(7)	 		C24	 C25	 C26	 120.63(9)	
C7	 N3	 Ru1	 106.17(5)	 		C27	 C26	 C25	 120.55(9)	
C7	 N3	 C18	 112.43(7)	 		C26	 C27	 C22	 120.20(9)	
C18	 N3	 Ru1	 110.48(5)	 		N1	 C28	 C29	 177.90(11)	




Atom	 x	 y	 z	 U(eq)	
H1A	 9677	 8794	 5377	 44	
H1B	 9461	 8546	 6211	 44	
H1C	 10456	 8424	 5967	 44	




H4A	 2437	 5505	 7936	 19	
H4B	 3163	 6417	 8058	 19	
H5A	 2234	 6895	 7022	 21	
H5B	 1359	 6652	 7439	 21	
H6A	 2490	 8443	 7680	 18	
H6B	 1457	 8454	 7387	 18	
H7	 1070	 7784	 8528	 14	
H9	 1214	 10022	 10502	 22	
H10	 847	 11564	 9875	 29	
H11	 921	 11639	 8587	 30	
H12	 1330	 10134	 7950	 24	
H14	 2464	 6022	 11258	 23	
H15	 3048	 4346	 11238	 29	
H16	 3358	 3595	 10105	 29	
H17	 3045	 4548	 9006	 22	
H18A	 3601	 7441	 8779	 16	
H18B	 3230	 8604	 8682	 16	
H20	 3099	 8663	 11389	 19	
H21	 4572	 9095	 11619	 20	
H24	 4939	 8190	 8787	 18	
H25	 6447	 8546	 9009	 22	
H26	 7033	 9052	 10198	 24	
H27	 6109	 9232	 11159	 22	
H29A	 1597	 7996	 12805	 42	
H29B	 555	 8027	 12558	 42	
H29C	 1132	 9074	 12557	 42	
H31A	 -1000	 5817	 10077	 32	
H31B	 -700	 5415	 9296	 32	
H31C	 -1256	 6473	 9340	 32	
	
For	complex	6,	
Table	 SC11.	 Fractional	 atomic	 coordinates	 (×104)	 and	 equivalent	 isotropic	 displacement	
parameters	(Å2×103)	for	6.	Ueq	is	defined	as	1/3	of	of	the	trace	of	the	orthogonalised	U	tensor.	
Atom	 x	 y	 z	 U(eq)	
Ru1	 2539.4(5)	 2502.7(10)	 2501.5(7)	 17.7(3)	




P2	 884(2)	 8035(4)	 9016(2)	 34.4(9)	
F1	 4056(6)	 6278(9)	 6462(7)	 54(3)	
F2	 4634(6)	 7832(14)	 7095(7)	 72(4)	
F3	 3392(6)	 7876(12)	 6906(7)	 61(3)	
F4	 3552(7)	 7683(12)	 5659(6)	 62(3)	
F5	 4793(6)	 7642(10)	 5870(6)	 51(3)	
F6	 4118(7)	 9256(10)	 6269(11)	 94(5)	
F7	 953(8)	 8633(12)	 8224(6)	 74(4)	
F8	 1515(6)	 7044(12)	 8841(7)	 65(3)	
F9	 1487(6)	 9028(11)	 9338(6)	 53(3)	
F10	 812(9)	 7485(13)	 9801(7)	 87(5)	
F11	 292(6)	 7087(10)	 8694(10)	 82(5)	
F12	 241(6)	 9016(10)	 9214(9)	 71(4)	
N1	 3111(6)	 4008(11)	 3071(6)	 23(2)	
C7	 1378(8)	 1702(16)	 1428(10)	 37(4)	
N2	 1549(6)	 2331(10)	 3133(6)	 16(2)	
N4	 3271(6)	 2202(11)	 1641(6)	 22(2)	
C33	 3965(9)	 1751(17)	 295(9)	 37(4)	
N6	 3107(6)	 1237(10)	 3246(6)	 19(2)	
C1	 2760(8)	 5054(12)	 3255(7)	 21(3)	
C2	 3116(8)	 6046(14)	 3627(8)	 29(3)	
C3	 3881(8)	 5994(14)	 3800(9)	 30(3)	
C4	 4232(8)	 4895(14)	 3582(9)	 33(3)	
C5	 3858(8)	 3930(13)	 3224(8)	 24(3)	
N5	 2037(7)	 3621(12)	 1685(7)	 28(3)	
C6	 1564(8)	 3013(14)	 1213(8)	 26(3)	
N3	 1951(6)	 1089(11)	 1945(7)	 26(3)	
C9	 2512(8)	 316(15)	 1547(9)	 31(3)	
C10	 2114(9)	 -721(15)	 1073(9)	 35(4)	
C11	 1634(10)	 -1503(18)	 1599(11)	 49(5)	
C12	 1128(9)	 -728(15)	 2102(10)	 36(4)	
C13	 1566(7)	 314(13)	 2497(8)	 25(3)	
C14	 1184(7)	 1211(12)	 3008(8)	 21(3)	
C15	 1227(8)	 3163(12)	 3581(8)	 23(3)	
C16	 562(8)	 2944(13)	 3921(8)	 25(3)	




C18	 517(8)	 943(14)	 3330(8)	 28(3)	
C19	 3076(7)	 1184(13)	 1206(7)	 22(3)	
C20	 3803(8)	 2981(15)	 1412(8)	 30(3)	
C21	 4168(9)	 2764(17)	 744(8)	 36(4)	
C22	 3398(10)	 959(16)	 531(9)	 36(4)	
C23	 1267(8)	 3575(17)	 561(9)	 36(4)	
C24	 1460(9)	 4825(17)	 398(9)	 38(4)	
C25	 1948(9)	 5425(15)	 873(9)	 34(4)	
C26	 2225(8)	 4842(13)	 1503(8)	 28(3)	
C27	 3693(8)	 551(12)	 3035(8)	 23(3)	
C28	 4062(9)	 -307(14)	 3500(8)	 32(3)	
C29	 3858(9)	 -428(14)	 4232(8)	 32(3)	
C30	 3270(8)	 332(15)	 4469(8)	 31(3)	




Atom	 U11	 U22	 U33	 U23	 U13	 U12	
Ru1	 13.7(5)	 14.2(5)	 25.0(5)	 -0.5(4)	 1.1(4)	 -0.1(4)	
P1	 30.2(19)	 28(2)	 28.6(19)	 -3.1(16)	 5.7(15)	 7.4(15)	
P2	 30(2)	 34(2)	 40(2)	 12.6(19)	 9.3(17)	 0.1(17)	
F1	 48(6)	 27(5)	 87(8)	 2(5)	 19(6)	 0(5)	
F2	 48(7)	 107(11)	 59(7)	 -18(7)	 -9(5)	 11(7)	
F3	 33(5)	 83(9)	 69(8)	 -12(6)	 12(5)	 24(5)	
F4	 70(7)	 83(9)	 32(6)	 18(6)	 -11(5)	 -22(7)	
F5	 50(6)	 59(7)	 46(6)	 17(5)	 24(5)	 6(5)	
F6	 60(8)	 20(5)	 203(17)	 -4(8)	 11(9)	 7(5)	
F7	 115(11)	 77(9)	 28(5)	 2(6)	 -19(6)	 -29(8)	
F8	 40(6)	 69(8)	 86(9)	 6(7)	 15(6)	 19(6)	
F9	 40(6)	 64(7)	 54(6)	 8(5)	 0(5)	 -13(5)	
F10	 139(12)	 78(9)	 48(7)	 34(6)	 65(8)	 32(9)	
F11	 32(6)	 35(6)	 181(15)	 -28(8)	 24(7)	 -8(5)	
F12	 35(6)	 34(6)	 141(12)	 -19(7)	 -10(6)	 11(5)	
N1	 26(6)	 19(6)	 24(6)	 -7(5)	 -1(5)	 -5(5)	
C7	 20(7)	 43(10)	 47(10)	 -4(8)	 -4(7)	 0(7)	
N2	 15(5)	 18(6)	 15(5)	 -6(4)	 -2(4)	 -2(4)	




C33	 36(9)	 50(10)	 25(8)	 -3(7)	 5(6)	 2(7)	
N6	 22(5)	 11(5)	 23(6)	 2(4)	 0(4)	 -3(4)	
C1	 28(7)	 15(6)	 20(6)	 2(5)	 0(5)	 0(5)	
C2	 32(8)	 22(7)	 35(8)	 -1(6)	 9(6)	 -2(6)	
C3	 31(8)	 20(7)	 37(8)	 -2(6)	 -3(6)	 -2(6)	
C4	 22(7)	 27(8)	 50(10)	 2(7)	 -2(7)	 -2(6)	
C5	 24(7)	 13(6)	 35(8)	 -1(6)	 -3(6)	 -2(5)	
N5	 25(6)	 30(7)	 29(6)	 -3(5)	 3(5)	 -4(5)	
C6	 24(7)	 31(8)	 22(7)	 -4(6)	 -4(5)	 -3(6)	
N3	 21(6)	 23(6)	 33(7)	 0(5)	 3(5)	 -4(5)	
C9	 30(8)	 33(8)	 32(8)	 -2(7)	 12(6)	 -1(7)	
C10	 34(8)	 36(9)	 35(8)	 -23(7)	 8(7)	 -1(7)	
C11	 39(9)	 47(11)	 63(12)	 -34(10)	 12(9)	 -10(8)	
C12	 30(8)	 29(8)	 50(10)	 -18(7)	 3(7)	 -3(7)	
C13	 23(7)	 21(7)	 31(7)	 -4(6)	 3(6)	 -1(5)	
C14	 22(7)	 11(6)	 30(7)	 2(5)	 -5(5)	 -1(5)	
C15	 29(7)	 12(6)	 26(7)	 5(5)	 2(6)	 7(5)	
C16	 24(7)	 23(7)	 27(7)	 -1(6)	 0(6)	 11(6)	
C17	 20(7)	 28(8)	 42(9)	 9(7)	 4(6)	 -2(6)	
C18	 22(7)	 22(7)	 39(8)	 1(6)	 2(6)	 0(6)	
C19	 24(7)	 21(7)	 20(7)	 -8(5)	 1(5)	 -2(5)	
C20	 28(8)	 35(8)	 27(7)	 6(7)	 6(6)	 5(6)	
C21	 29(8)	 53(11)	 26(8)	 16(7)	 4(6)	 -3(7)	
C22	 50(10)	 32(9)	 27(8)	 -7(7)	 8(7)	 -1(7)	
C23	 22(7)	 54(11)	 31(8)	 2(8)	 -9(6)	 1(7)	
C24	 32(8)	 47(10)	 33(9)	 19(8)	 -5(7)	 8(7)	
C25	 35(8)	 23(8)	 46(9)	 18(7)	 9(7)	 1(6)	
C26	 33(8)	 20(7)	 30(8)	 3(6)	 -1(6)	 -3(6)	
C27	 33(7)	 17(7)	 22(7)	 3(5)	 7(6)	 0(6)	
C28	 49(9)	 22(7)	 26(7)	 -3(6)	 8(7)	 11(7)	
C29	 43(9)	 24(8)	 27(8)	 3(6)	 3(6)	 4(7)	
C30	 33(8)	 31(8)	 28(8)	 7(6)	 3(6)	 4(6)	
C31	 24(7)	 33(8)	 23(7)	 -10(6)	 1(6)	 1(6)	
	
Table	SC13.	Bond	lengths	for	6.	




Ru1	 N1	 2.131(11)	 		N6	 C31	 1.358(17)	
Ru1	 N2	 2.140(10)	 		C1	 C2	 1.39(2)	
Ru1	 N4	 2.076(10)	 		C2	 C3	 1.39(2)	
Ru1	 N6	 2.119(11)	 		C3	 C4	 1.38(2)	
Ru1	 N5	 2.056(13)	 		C4	 C5	 1.37(2)	
Ru1	 N3	 2.063(12)	 		N5	 C6	 1.337(18)	
P1	 F1	 1.578(10)	 		N5	 C26	 1.378(19)	
P1	 F2	 1.562(12)	 		C6	 C23	 1.39(2)	
P1	 F3	 1.598(10)	 		N3	 C9	 1.493(18)	
P1	 F4	 1.592(11)	 		N3	 C13	 1.471(18)	
P1	 F5	 1.576(10)	 		C9	 C10	 1.54(2)	
P1	 F6	 1.599(11)	 		C9	 C19	 1.509(19)	
P2	 F7	 1.553(11)	 		C10	 C11	 1.54(2)	
P2	 F8	 1.580(11)	 		C11	 C12	 1.53(2)	
P2	 F9	 1.598(11)	 		C12	 C13	 1.512(19)	
P2	 F10	 1.524(11)	 		C13	 C14	 1.497(19)	
P2	 F11	 1.555(12)	 		C14	 C18	 1.374(19)	
P2	 F12	 1.599(11)	 		C15	 C16	 1.374(19)	
N1	 C1	 1.321(17)	 		C16	 C17	 1.39(2)	
N1	 C5	 1.358(18)	 		C17	 C18	 1.36(2)	
C7	 C6	 1.48(2)	 		C19	 C22	 1.373(19)	
C7	 N3	 1.500(19)	 		C20	 C21	 1.40(2)	
N2	 C14	 1.368(16)	 		C23	 C24	 1.40(2)	
N2	 C15	 1.333(17)	 		C24	 C25	 1.35(2)	
N4	 C19	 1.365(17)	 		C25	 C26	 1.36(2)	
N4	 C20	 1.334(19)	 		C27	 C28	 1.38(2)	
C33	 C21	 1.38(2)	 		C28	 C29	 1.37(2)	
C33	 C22	 1.39(2)	 		C29	 C30	 1.40(2)	
N6	 C27	 1.340(17)	 		C30	 C31	 1.34(2)	
	
Table	SC14.	Bond	angles	for	6.	
Atom	 Atom	 Atom	 Angle/˚	 		Atom	 Atom	 Atom	 Angle/˚	
N1	 Ru1	 N2	 101.9(4)	 		C20	 N4	 C19	 119.1(12)	
N4	 Ru1	 N1	 99.3(4)	 		C21	 C33	 C22	 118.2(14)	
N4	 Ru1	 N2	 158.6(4)	 		C27	 N6	 Ru1	 122.0(9)	




N6	 Ru1	 N1	 88.0(4)	 		C31	 N6	 Ru1	 122.2(9)	
N6	 Ru1	 N2	 90.3(4)	 		N1	 C1	 C2	 122.7(13)	
N5	 Ru1	 N1	 95.4(5)	 		C1	 C2	 C3	 120.4(14)	
N5	 Ru1	 N2	 94.1(4)	 		C4	 C3	 C2	 115.1(14)	
N5	 Ru1	 N4	 80.7(4)	 		C5	 C4	 C3	 122.7(14)	
N5	 Ru1	 N6	 173.8(5)	 		N1	 C5	 C4	 120.6(13)	
N5	 Ru1	 N3	 82.9(5)	 		C6	 N5	 Ru1	 114.7(10)	
N3	 Ru1	 N1	 177.8(5)	 		C6	 N5	 C26	 117.3(13)	
N3	 Ru1	 N2	 76.9(4)	 		C26	 N5	 Ru1	 127.1(10)	
N3	 Ru1	 N4	 81.9(5)	 		N5	 C6	 C7	 115.6(13)	
N3	 Ru1	 N6	 93.8(4)	 		N5	 C6	 C23	 122.1(14)	
F1	 P1	 F3	 89.1(6)	 		C23	 C6	 C7	 122.3(14)	
F1	 P1	 F4	 89.4(7)	 		C7	 N3	 Ru1	 107.8(9)	
F1	 P1	 F6	 177.3(8)	 		C9	 N3	 Ru1	 106.6(8)	
F2	 P1	 F1	 90.4(7)	 		C9	 N3	 C7	 113.7(12)	
F2	 P1	 F3	 90.0(6)	 		C13	 N3	 Ru1	 109.2(9)	
F2	 P1	 F4	 179.8(8)	 		C13	 N3	 C7	 108.9(11)	
F2	 P1	 F5	 90.0(6)	 		C13	 N3	 C9	 110.5(11)	
F2	 P1	 F6	 92.3(9)	 		N3	 C9	 C10	 110.2(12)	
F3	 P1	 F6	 91.1(7)	 		N3	 C9	 C19	 109.1(12)	
F4	 P1	 F3	 90.0(6)	 		C19	 C9	 C10	 121.1(12)	
F4	 P1	 F6	 87.9(8)	 		C11	 C10	 C9	 107.9(12)	
F5	 P1	 F1	 90.7(6)	 		C12	 C11	 C10	 114.9(15)	
F5	 P1	 F3	 179.9(7)	 		C13	 C12	 C11	 110.8(12)	
F5	 P1	 F4	 90.0(6)	 		N3	 C13	 C12	 110.2(12)	
F5	 P1	 F6	 89.0(7)	 		N3	 C13	 C14	 106.6(11)	
F7	 P2	 F8	 90.7(8)	 		C14	 C13	 C12	 120.4(12)	
F7	 P2	 F9	 89.0(6)	 		N2	 C14	 C13	 115.1(11)	
F7	 P2	 F11	 90.3(8)	 		N2	 C14	 C18	 121.9(13)	
F7	 P2	 F12	 91.0(8)	 		C18	 C14	 C13	 123.0(12)	
F8	 P2	 F9	 91.7(7)	 		N2	 C15	 C16	 123.5(13)	
F8	 P2	 F12	 178.3(8)	 		C15	 C16	 C17	 118.6(13)	
F10	 P2	 F7	 178.4(8)	 		C18	 C17	 C16	 118.7(13)	
F10	 P2	 F8	 90.6(7)	 		C17	 C18	 C14	 120.2(13)	
F10	 P2	 F9	 90.0(8)	 		N4	 C19	 C9	 114.6(11)	




F10	 P2	 F12	 87.7(8)	 		C22	 C19	 C9	 123.6(13)	
F11	 P2	 F8	 88.9(7)	 		N4	 C20	 C21	 121.2(15)	
F11	 P2	 F9	 179.1(8)	 		C33	 C21	 C20	 120.0(15)	
F11	 P2	 F12	 90.8(6)	 		C19	 C22	 C33	 119.5(15)	
F12	 P2	 F9	 88.6(6)	 		C6	 C23	 C24	 119.2(15)	
C1	 N1	 Ru1	 121.4(9)	 		C25	 C24	 C23	 118.2(14)	
C1	 N1	 C5	 118.4(12)	 		C24	 C25	 C26	 120.7(14)	
C5	 N1	 Ru1	 120.1(9)	 		C25	 C26	 N5	 122.4(14)	
C6	 C7	 N3	 114.2(12)	 		N6	 C27	 C28	 123.4(13)	
C14	 N2	 Ru1	 112.8(8)	 		C29	 C28	 C27	 119.5(14)	
C15	 N2	 Ru1	 129.9(9)	 		C28	 C29	 C30	 117.5(14)	
C15	 N2	 C14	 117.2(11)	 		C31	 C30	 C29	 119.4(14)	
C19	 N4	 Ru1	 112.5(9)	 		C30	 C31	 N6	 124.3(13)	




Atom	 x	 y	 z	 U(eq)	
H7A	 1319	 1186	 966	 44	
H7B	 892	 1705	 1676	 44	
H33	 4205	 1598	 -164	 44	
H1	 2242	 5129	 3126	 25	
H2	 2837	 6766	 3766	 35	
H3	 4143	 6663	 4049	 36	
H4	 4754	 4809	 3685	 39	
H5	 4124	 3197	 3081	 29	
H9	 2797	 -147	 1954	 38	
H10A	 1794	 -334	 669	 42	
H10B	 2488	 -1268	 836	 42	
H11A	 1317	 -2084	 1290	 59	
H11B	 1970	 -2026	 1925	 59	
H12A	 714	 -356	 1791	 43	
H12B	 907	 -1288	 2480	 43	
H13	 1966	 -111	 2810	 30	
H15	 1470	 3948	 3670	 27	
H16	 355	 3561	 4241	 30	




H18	 278	 156	 3234	 33	
H20	 3935	 3697	 1709	 36	
H21	 4556	 3314	 600	 43	
H22	 3235	 268	 226	 43	
H23	 939	 3117	 230	 43	
H24	 1253	 5240	 -34	 45	
H25	 2098	 6264	 766	 41	
H26	 2562	 5291	 1829	 33	
H27	 3863	 661	 2539	 28	
H28	 4454	 -810	 3315	 39	
H29	 4105	 -1004	 4565	 38	
H30	 3110	 281	 4972	 37	
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Ru(II)	 polypyridyl	 complexes	 have	 been	 frequently	 employed	 in	 the	 caging	 and	
photorelease	 of	 biologically	 active	 compounds.	 Traditional	 photocaging	 groups	 derived	 from	
Ru(II)	have	been	largely	based	on	bi-	or	tridentate	ancillary	ligands,	and	those	bearing	ancillary	
ligands	 with	 high-denticities	 are	 yet	 to	 be	 developed.	 Exploring	 Ru(II)	 polypyridyl	 complexes	














achieve	 an	 efficient	 photoinduced	 ligand	 exchange.	 Such	 an	 unusual	manner	 offers	 a	 clearer	
understanding	 of	 the	mechanisms	 of	 ligand	 photodissociation,	 which	 can	 be	 used	 to	 design	
ruthenium	complexes	for	the	applications	that	require	efficient	ligand	dissociation,	such	as	drug	
delivery.	 Furthermore,	 in	 order	 to	 control	 CYP	 activity	 and	 to	 achieve	 photoactivated	 CYP	
inhibition,	a	series	of	new	Ru(II)-caged	CYP	inhibitors	that	effectively	liberate	CYP	inhibitors	upon	
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